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V • I • ' ; ,M- • SECTION I
' • Pfec'ooiing Methods f(^' n- ^ .
Commercial Vegetable Producers
• I ' I . .•••.- . . 1. , ' . ' ' ^
• ' • " • Introduction " • • - '
• Horticultural product deterioration''after "harvest is c'aused by'res-'
pirati6n,'a complex process which at higher temperatures c'auses'faster '
decay of the product. Vegetable products vary in their rate" of respira
tion; but for most 'products,' good "cooling'is critical to retard physiolog
ical deterioration' and maintain shelf life 'and quality [9,'p.' 35]'.'
Precool'ing vegetables' before marketing fresh produce is' extremely im
portant for raaintainihg longer shelf life and competing effectively for a
share of the commercial market. In fact,'''improper precooling has been' a '
major reason retailers have not purchased'^'produce from Iowa growers^
p. 22]. If Iowa growers want to compete in the commercial market", some
fotTn of precooling 'is necessary for'most products; THe^ objective of' this
study is' to determine feasible, least-cost methods for reducing fi'eld" heat
in vegetables for small or interaediate size'producersCboling' and
packaging was also considered' as i't^ relates to proper postharvest handling
of produce.' . • • ' • • i.
Literature Review
The economics of cooperative marketing of vegetables has been studied
for the Pioneer Valley Region of Massachusetts. The research by Antill,
Dorr, Marsh, and Morzuch included estimating demand for marketing fresh
produce in the region and cost comparisons of precooling produce [4].
Acreage of various vegetable products were readjusted according to the
demand estimates; and a cooperative system of precooling and marketing the
vegetables was established. Their study demonstrated the need for proper
precooling if the growers were to be competitive in the retail market.
Three methods of precooling were analyzed. Using an economic engineering
approach to compare room cooling, icing and hydrpcooling, they found that
a combination of hydrocooling and room cooling was most feasible.
Technical problems in harvesting and postharvest procedures have been
studied intensively by Ryall and Lipton [15] and Kader, Kasmire, Mitchell,
Reid, Sommer and Thompson [9]. The need to precool produce was stressed
in these studies, and further supported by market surveys of retailers and
distributors by the Iowa Department of Agriculture, and by Spotton, Weimar
and Hayenga.
Within the literature on precooling fresh produce, few have analyzed
the cost of the various approaches. In private conversations, equipment
manufacturers and engineers pointed out the difficulties in estimating the
cost because of the variation in methods of precooling different
vegetables and combinations of vegetables. The equipment for precooling
is almost exclusively custom-made according to a particular grower's or
cooperative's needs.
Procedure
The approach in conducting this research was to acquire secondary
information on the cost of various types of precooling equipment, and
supplement that with primary data from manufacturers of the precooling
equipment and consultations with experts in postharvest technology.
Prior studies were r.eviewed-. ,in order to determine if the information- was '
I
applicable to Iowa and if so, to build on the prior .research. As a re
sult, the research procedures were revised along the way in order to deal
I
with the problems encountered with the variety of vegetables under con-
sideration.
The first step categorized eleven vegetables selected as the most
j ' ' . I . '
likely "expansion" crops by physiological characteristics. Budgets for
growing various fruits and vegetables in Iowa were estimated prior to this
research [18], Those judged potentially most likely to be profitable for
Iowa growers were selected to be studied in this project. The vegetables
grouping were determined according to the physiological characteristics of
each vegetable, i.e., those that require immediate precooling, those that
need some precooling and those that required very little, if any precool
ing. Initial research in each class was focused on: (1) USDA grading and
sizing standards, (2) physiological conditions, (3) harvesting practices,
(4) feasible precooling methods, (5) packaging techniques, (6) storage
conditions, and (7) shipping requirements. These criteria are commonly
used to select the proper precooling methods for each class of vegetables.
The second step investigated precooling methods for these 11 vegetables.
Feasibility for small-scale growers was the primary concern; therefore,
information concerning capacity and cost of precooling equipment was
gathered.
• • * 4 ' ' 0 i ' w
The third step used an economic engineering approach to compare
investment, shipping and operation costs from the data supplied by the
' - ' J I > ' ' ' ' ,
manufacturers of the precooling equipment and from the Rural Electric Co
operative, Five vegetable capacities precooled per day were analyzed.
Precooling methods investigated and analyzed include the following: (1)
hydrocooling, (3) icing and (3) room cooling (Table 1.1).
Methods Of Precooling
Boxed vegetables that are room cooled are placed into a refrigeration
room. Usually the boxes are stacked on a 48" x 40" pallet and the pallets
are often double stacked leaving aisle space to allow for adequate air
flow. If they are packed too tightly the produce in the center of the
boxes never cools down to an acceptable temperature.
Forced air cooling, or pressure cooling as it is commonly known, is a
method which draws cold air through the stacked produce. This method
cools the produce more quickly and thoroughly than room cooling. Several
designs of forced air coolers are available. The principle design is to
use exhaust fans to draw cool air into the boxes and force the warm air
out. Most existing cooling rooms can be converted Co a forced air cooling
system.
Hydrocooling is a quick and effective means of cooling produce. Cold
water is either sprayed on the produce (either in bulk or boxes) or the
produce is placed in a bin of cold water. The water is often chlorinated
to guard against Che spread of disease. Afterwards some vegetables musC
be dried. Portable hydrocooling systems are available which can be used
in the field for rapid cooling.
Package ice has been used over the years as a method of precooling.
The produce is packed with ice around it and on top of it. Liquid ice is
the newest method of package icing being used. It is a slurry mixture of
ice and water. Liquid ice is blown into the boxes. The mixture
rT
a
b
le
1
.1
.
C
o
o
li
n
g
m
e
th
o
d
s
a
n
d
s
u
it
a
b
le
c
o
m
m
o
d
it
ie
s
r
•
o
C
oo
li
ng
m
et
ho
d^
C
o
im
n
o
d
it
ie
s
C
o
m
m
e
n
ts
R
oo
m
c
o
o
li
n
g
A
ll
c
o
m
m
o
d
it
ie
s
T
o
o
sl
o
w
fo
r
m
an
y
p
e
ri
s
h
a
b
le
c
o
m
m
o
d
it
ie
s.
>
C
o
o
li
n
g
ra
te
s
v
a
ry
e
x
te
n
si
v
e
ly
w
it
h
in
lo
a
d
s,
p
a
ll
e
ts
,
an
d
c
o
n
ta
in
e
rs
.
F
o
rc
e
d
-a
ir
c
o
o
li
n
g
(p
re
ss
u
re
co
o
li
n
g
)
F
ru
it
s
,
b
e
rr
ie
s
,
fr
u
it
-t
y
p
e
v
e
g
e
ta
b
le
s
,
tu
b
e
rs
,
c
u
t
fl
o
w
e
rs
,
c
a
u
li
fl
o
w
e
r
M
uc
h
fa
s
te
r
th
a
n
ro
o
m
c
o
o
li
n
g
;
c
o
o
li
n
g
ra
te
s
v
e
ry
u
n
if
o
rm
if
p
ro
p
e
rl
y
u
se
d
.
C
o
n
ta
in
e
r
v
e
n
ti
n
g
an
d
st
a
c
k
in
g
re
q
u
ir
e
m
e
n
ts
a
re
c
ri
ti
c
a
l
to
e
ff
e
c
ti
v
e
c
o
o
li
n
g
.
-H
y
d
ro
co
o
li
n
g
S
te
m
s,
le
a
fy
v
e
g
e
ta
b
le
s
,
so
m
e
fr
u
it
s
an
d
fr
u
it
-t
y
p
e
v
e
g
e
ta
b
le
s
V
e
ry
fa
s
t
c
o
o
li
n
g
;
u
n
if
o
rm
c
o
o
li
n
g
in
b
u
lk
if
p
ro
p
e
rl
y
u
se
d
,
b
u
t
m
ay
v
a
ry
e
x
te
n
s
iv
e
ly
in
p
ac
k
ed
sh
ip
p
in
g
c
o
n
ta
in
e
rs
;
d
a
il
y
c
le
a
n
in
g
an
d
s
a
n
it
a
ti
o
n
m
e
a
su
re
s
e
s
s
e
n
ti
a
l;
p
ro
d
u
c
t
m
u
st
to
le
ra
te
w
e
tt
in
g
;
w
a
te
r-
to
le
ra
n
t
sh
ip
p
in
g
co
n
ta
in
e
rs
m
ay
b
e
n
e
e
d
e
d
.
P
a
c
k
a
g
e
-i
c
in
g
R
o
o
ts
,
st
e
m
s,
so
m
e
'f
lo
w
e
r-
ty
p
e
'
v
e
g
e
ta
b
le
s
,
g
re
e
n
o
n
io
n
s,
b
ru
s
s
e
l
s
p
ro
u
ts
F
a
s
t
c
o
o
li
n
g
;
li
m
it
e
d
to
c
o
m
m
o
d
it
ie
s
ti
h
a
fc
a
n
to
le
r
a
te
w
a
te
r-
ic
e
c
o
n
ta
c
t;
w
a
te
r-
to
le
ra
n
t
sh
ip
p
in
g
c
o
n
ta
in
e
rs
a
re
e
s
s
e
n
ti
a
l.
V
ac
uu
m
c
o
o
li
n
g
L
e
a
fy
v
e
g
e
ta
b
le
s
;
so
m
e
st
e
m
an
d
fl
o
w
e
r-
ty
p
e
v
e
g
e
ta
b
le
s
C
o
m
m
o
d
it
ie
s
m
u
s
t
h
a
v
e
a
f
a
v
o
r
a
b
le
s
u
rf
a
c
e
-t
o
-m
a
s
s
ra
ti
o
fo
r
e
ff
e
c
ti
v
e
c
o
o
li
n
g
.
C
au
se
s
ab
o
u
t
1%
w
e
ig
h
t
lo
ss
fo
r
ea
ch
6
'
C
c
o
o
le
d
,
A
p
ro
c
e
d
u
re
th
a
t
a
d
d
s
w
a
te
r
d
u
ri
n
g
c
o
o
li
n
g
p
re
v
e
n
ts
th
is
w
ei
g
h
t
lo
ss
b
u
t.
e
q
u
ip
m
e
n
t
is
m
o
re
e
x
p
e
n
si
v
e
,,
an
d
w
a
te
r-
to
le
ra
n
t
sh
ip
p
in
g
c
o
n
ta
in
e
r
s
a
r
e
n
e
e
d
e
d
.
T
ra
n
si
t
C
o
o
li
n
g
M
e
c
h
a
n
ic
a
l
R
e
fr
ig
e
ra
ti
o
n
A
ll
c
o
m
m
o
d
it
ie
s
C
o
o
li
n
g
in
m
o
st
a
v
a
il
a
b
le
eq
u
ip
m
en
t
is
to
p
sl
o
w
an
d
v
a
ri
a
b
le
;
g
e
n
e
ra
ll
y
n
o
t
e
ff
e
c
ti
v
e
.
T
o
p
-i
c
in
g
ar
id
C
h
a
n
n
e
l-
ic
in
g
S
om
e
ro
o
ts
,
st
e
m
s,
le
a
fy
v
eg
et
ab
le
s.
,
ca
n
ta
lo
u
p
es
S
lo
w
an
d
ir
re
g
u
la
r,
to
p
-i
c
e
w
e
ig
h
t
re
d
u
c
e
s
n
e
t
pa
y
lo
a
d
;-
w
a
te
r-
to
le
ra
n
t
sh
ip
p
in
g
co
n
ta
in
er
s
n
e
e
d
e
d
.
^F
or
th
es
e
m
eth
od
s
to
be
ef
fe
ct
iv
e,
co
ld
-s
to
ra
ge
ro
om
s
ar
e
ne
ed
ed
to
ho
ld
th
e
co
m
m
od
ity
af
te
r
co
ol
in
g,
[9
,
p
.
3
9
]
penetrates through the package so that cooling is uniform. The ice forms
a thin coating around the produce and the water drains below into holding
tanks to be mixed with ice and recycled. Machines for crushing, mixing
and blowing the slurry into the crates range in sizes, making allowances
for smaller investors. Ice crusher-blowers are also available on the
market in a range of capacities.
Vacuum cooling involves lowering the atmospheric pressure inside a
large, strongly constructed steel chamber containing the produce. Vacuum
cooling reduces the water content of the product 1% for each 6°C reduction
in temperature. Hydrovacuum cooling is a system where produce is sprayed
during vacuum cooling. Vacuum coolers are also available in portable
units which can be moved from field to field.
Conversations with the manufacturers of these machines indicated that
most machines are custom designed by engineers based on the type or types
of vegetables being produced and the pounds of vegetables needing precool-
ing per day. An engineer also suggested that a producer could build a hy-
drocooler or forced-air system to fit his particular production
needs[15].
SECTION li
Vegetable Characteristics and Specifications
for Pirecooling ' '
Introduction
Eleven vegetables were selected for further research. Preliminary
screening indicated that these vegetables might be successfully grown in
Iowa. The vegetables were divided into three groups according to their
physiological characteristics. Broccoli, cabbage, .sweet corn, and leaf
lettuce were placed into one group. They require^a storage temperature of
approximately 31-33°F arid a relative humidity of 95% or above. Broccoli
and sweet corn are highly perishable and'require quick handling and pre-
cooling to ensure a high quality product. The second group included fresh
market potatoes., muskmelons, and snap beans. 'Storage temperature for this
group ranges from 38-40°F with a relative humidity of at least 90%. Bell
peppers, cucumbers, summer squash and tomatoes were in the third group. -
These vegetables are stored at 45-55"R and are susceptible to chilling
injury. ' They store the longest if .kept at'a relative humidity of 85-90%.
The following tables are a summary of the quality standards, and
post-harvest technology and yields for each vegetable. Tables 2.1, 2.2,
and 2.3 respectively. . Harvesting practices, precool'ing methods, packaging
requirements, USDA standards for grading'and sizing, and shipping
requirements for eachvegetable are included in the reports following the
; . 'j > ^ \ ^ j
tables.
Table 2.1. Quality factors
California Food
Fruit
Standard
(date*
Bean, snap IB(1936
Broccoli US(1943
CA(1983
Cabbage US(1945
CA(1983
MjskmelOTi IB(1968
CA(1983
Com, green US(1954
CA(1983
Cuctnfcers US(1958
Endive, escarole, US(1964
chicory
Kale US(1934
Pepper, sweet US(1963
Potato
Squash, Suimer
Tomato
K^termelon
[9, p, 126-129]
CA(1983
US (1972
CA(1983
US(1984
US(1976
C4(1983
US(1978
CA(1983
for fresh v^etables in the U.S. standards for grades (US) and the
arid Agricultural code (CA)
Quality factors
Uniformity, size, maturity, freshness (firmness), and freedom from
defect and decay
Color, maturity, stalk dianneter and length, compactness, base cut,
and freedom frcm defects and decay,
Freedon fran decay and damage due to oveimaturity, insects, or other
causes.
Unifomity, solidity (maturity or firmness), no seed stems, trim
ming, color, and freedom from defect and decay.
Conform to U.S. commercial grade or better.
Soluble solids (>9%), uniformity of size, shape, ground color and
netting; maturity and turgidity; and freedon frcm "v«t slip," sun-
scald , and other defects,
Maturity (soluble solids >8%), and freedon from insect injury,
bruises, sunburn, growth cracte, and decay.
Uniformity of color and size, freshness, milky kernels, cob length,
freedon from defect, coverage with fresh husks.
Mil^y, pluip, well-developed kernels, and freedon from insect in
jury, mechanical danage, and decay.
Color, shape, turgidity, maturity, size (dianeter and length), and
freedom fron defect and decay.
Freshness, trinining, color (blanching), no seed stems, or
and freedom from defect and decay.
Oiiformity of growth and color, trinining, freshness, and freedom
from defect and -decay.
Maturity, color, shape, size, and freedom fron defa:ts (sunscald,
freezing injury, hail, scars, insects, mechanical danage) and de
cay.
Freedon from insect danage and decay.
Uniformity, maturity, firmness, cleanness, shape, size, and freedon
from sprouts, blacWieart, greening, and other defects.
Aminimun equivalent of U.S. No. 2 grade. Maturity is described in
terms of extent of skin missing or feathered.
Ininaturity, tenderness, shape, firmness, and freedom fron decay,
cuts, bruises, scars and other defects.
Maturity and ripeness (color chart), firmness, shape, size and
freedom fron defect (puffiness, freezing injury, sunscald, scars,
catfaces, growth cracks, insect injury, and other defects) and
decay.
Freedon from insect and freezing danage, sunburn, mechanical danage,
blossom-end rot, catfaces, growth cracks, and other defects.
Maturity and ripeness (optional internal quality: soluble solid
content = >10%, very good; >8%, good) and freedom fron anthracnose,
decay, sunscald, and vhiteheart.
Maturity (arils around the seeds have been absorbed and flesh color
is >75% red), and freedom fron dec^, sunburn, flesh discoloration,
and mechanical danage.
Table 2.2. Precooling Type Best Suited^ For Each Vegetable
Vegetable
Leaf lettuce
Broccoli
Sweet Corn
Cabbage
Potatoes
Snap Beans
Tomatoes
Cucumbers
Summer Squash
Bell Peppers
Muskmelon
Optimal .Precooling Method^. Alternatives
Vacuum cooling -
.quick and effective
Liquid Ice - highly
recommended
Hydro cooling - used
extensively
Liquid Ice - newest
system developed
Room Cooling
Room Cooling - only method
used for short terra
Hydrocooling
Room Cooling - most widely
used method
Room Cooling - most widely
used method.
Room Cooling - only method
used
Forced Air
Hydrocooling
Liquid Ice
Hydrocooling - must be done
carefully so as not to damage
produce.^
Package-Icing - must be careful
not to freeze produce, thus
causing leaf damage.
Hydrocooling,
Forced Air, vacuum, and
hydrovacuum, often good_^
alternatives. Package ice.
Vacuum Cooling
Package-Ice
Hydrocooling, Vacuum Cooling
and Forced Air
Forced Air - used for long
term storage
Liquid Ice
Forced Air - shows potential
Hydrocooling - has been
experimented with in the desert
areas of California.
Hydrocooling - may benefit
cucumbers harvested during hot
weather
Hydrocooling - peppers must be
dried after leaving the
hydrocooler.
Forced air, Icing can be used
if handled properly.
These precooling methods were determined through a literature research, from
phone interviews with cooling company personnel, and from information received
from several manufacturing companies.
10
Table 2.3, Acres Necessary to Yield Daily Volumes
Harvest Yield Volume (lbs/day)
Vegetable Days lbs/acre 2000 5000 10,000 20,000 40,000
Broccoli 52 5,675 18 46 92 185 370
Bean, Snap 58 5,700 20 51 102 204 407
Cabbage 102 25,000 8 20 41 82 163
Corn, Sweet 76 10,000 15 38 76 152 304
Cucumbers 78 21,000 7 19 37 74 149
Bell Peppers 70 25,000 .6 14 28 56 112
Leaf Lettuce 78 7,700 20 51 101 203 405
Muskmelon 78 11,856 13 33 65 132 263
Potatoes 57 25,000 5 11 22 43 86
Tomatoes 76 30,000 5 13 25 51 101
- \
11
Group I
• ' Broccoli
Since broccoli has a high respiration rate and deteriorates
quickly, handling of broccoli must be a quick process; Broccoli is almost
entirely hand-picked but harvest aids are used; usually it is field
packed. A central shed requires more energy and more product handling,
which causes more product damage and reduces yields, making the practice
more expensive [9].
Prime heads are those that are green and contain complete flower
buds. Yellow heads of broccoli indicate inadequate handling of the pro
duct and are not acceptable. The heads are cut and tied into 1 1/4 - 1
1/2 pound bundles and placed in 1/2 cartons (20-23 pounds) in the field or
' I ' I , .
are trimmed and packed in cartons or wirebound crates at a central shed if
bulk bins are used [5, 14, 15], USDA grades for broccoli are Fancy, No.
1, and No. 2. Many varieties of broccoli are grown commercially, but
"Waltham 29" should be grown if the broccoli is transported long distances
and the USDA grade is to be maintained.
Precooling of broccoli must be prompt and the methods used must mini
mize water loss. Liquid ice was highly recommended by several sources [5,
6, 7, 16]. But other methods such as hydrocooling, a combination of
hydrocooling and icing, forced air cooling, vacuum cooling and hydrovacuum
cooling are acceptable [5, 15, 19],
The liquid ice precooling method injects a mixture of 50 percent
water and 50 percent ice into open or closed boxes. The cartons which are
I
specially designed for draining the excess water, are filled with 25 to 30
pounds of ice. About 5 pounds of this ice are used to precool the broc—
12
HARVEST (by hand)
FIELD PACKING
(broccoli, cauliflower)
cut, trim and size manually,
either by cutter or by workers
on mobile packing unit (MPU)
Consumer-packaging cauliflower,
or tying 2 or 3 broccoli stalks
into bunches
Pack into cari:ons on MPU
Palletize cartons on MPU
Transfer pallets from MPU to
field trucks or trailers for
transport to cooling facility
LOAD INTO BULK BINS OR TRAILERS
(artichoke, broccoli, cauliflower)
TRANSPORT TO PACKINGHOUSE
UNLOAD (mechanica
Hydrocooling
artichoke
ly or manually)
Trim leaves from cauliflower and
broccoli, and stems from artichoke
Wash cauliflower with
chlorinated water
Tie broccoli into 2-
or 3-stalk bunches
Wrap individual
cauliflower heads
Size (manually for broccoli and
cauliflower, or mechanically for
artichoke)
Pack (by count) in cartons
Palletize cartons
COOL
TEMPORARY COLD STORAGE
LOAD INTO REFRIGERATED TRANSPORT VEHICLES
TOP-ICE artichokes and broccoli
TRANSPORT TO MARKETS
Figure 2.1. Harvest and postharvest operations for vegetables that are immature
flowers, (artichoke, broccoli, cauliflower). [9, p. 134]
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coli while the remaining ice is used' to keep the product cool during
transit [5]. :
Hydrocooling- is> also well suited for precooling brocco'li. The cooling
time for broccoli depends on the .method used. 'Single heads^are cooled for
2.1 minutes," which' is' the ?half-cooling time (t-l72) when a :bulk-type -
hydrocooler is used (see Glossary, ip," 63 j-^for'half-cooling . time ' "• i
definitionXr When broccoli is hydrocooled in crates with a polyethylene-
liner,.the half-coolingitime' takes ,2 minutes and in crates without a-
liner, half-cooling requires 3.1 minutes [15]. 'However, a combination of
hydrocoolin'g and packed ice (or liquid ice) is recommended [5].
Broccoli should be-top-iced during- shipment' to i'maihtain-'maximum storage
life. A temperature of 32" F and. a relative humidity of 90-95 .percent
will ensure maximum-quality for about. 7'.days-.' However, a controlled
atmosphere ^of. low oxygen or high carbon dioxide .can extend ;,the storage •
life to 14 days [15], • In storage or during shipment, good circulation .and
adequate spacing between the cartons is necessary [10], Furthermore, per
forated plastic bags .(film wrap) or box- liners' can-be--used to-help de
crease water loss [15]. : .i •
Cabbage ^
Most cabbage is harvested by hand and placed in pallet boxes in the
field, although there are mechanical harvesters available [14], Cabbage
must be handled carefully from field to storage. A head with yellow
• I ' ! I 1• .
leaves or mechanically damaged leaves should not be stored. Better venti-
lation results if loose leaves are removed before storage [10]. Stored
cabbage remains in pallet boxes, but wirebound crates and 50-pound
capacity mesh bags are used for shipping [10]. Cabbage can be marketed
14
with or without a plastic overwrap. Cabbage is inspected, sorted and
graded in the field, USDA grades for cabbage are No, 1 and coramercial
[14], USDA No. 1 cabbage should be green or dark purple (depending on the
cultivar), firm and heavy for its size [15],
Cabbage varieties grown for coramercial use include "Domestic", "Dan
ish," "Pointed," "Red" and "Savoy" [14], Two crops are grown each season.
An early crop can be stored for 3-6 weeks, while a late crop can be stored
for 3-4 months [10]. For long terra storage, "Danish" is .often used.
Cabbage held at 32-38"? and relative humidity of 90-95% will maintain
freshness the longest. Slight freezing will not harm cabbage but a hard
freeze will cause considerable damage [10], Rapid precooling of cabbage
is not necessary if it is loaded warm and top-iced. Cabbage can be hydro-
cooled, vacuum cooled or cooled by forced air. The half-time for
hydrocooling cabbage in crates, 2 layers deep, with the lid open and
filled with water is 1,3 hours. Cooling by forced air takes at minimum of
6 hours,
Long term storage of cabbage is best accomplished in a controlled at
mosphere [15], Cabbage should not be stored with an ethylene producing
product. Early cabbage can be stored in a conventional refrigeration
(cooler room) unit until marketed.
Long term storage of cabbage is best accomplished in a controlled at
mosphere [15]. Cabbage should not be stored with an ethylene producing
product. Early cabbage can be stored in a conventional refrigeration
(cooler room) unit until marketed.
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Sweet Corn
The process of harvesting and marketing fresh sweet corn is geared
toward speed. Usually sweet corn is hand-sorted, graded and packed on
mechanical harvestors in the field. This process has cut the costs of
handling sweet corn in half [15]. Wirebound crates or cartons with counts
of 54j 60 and 66 ears weighing 45-50 pounds are used to pack sweet corn
for the market [13], Fifty pound raesh bags are also used for shipping,
r' T' ' . 1 . ' ; 1
To ensure maximum quality, flag leaves are removed and the shank is cut to
1/4" before packing [15], Sweet c.orn is_ hand graded into 3 classes;
Fancy, No. 1 and. No, .2 [14];. Corn with pale creamy-yellow, and plump
kernels are the best quality. . .
Prompt precooling of the packed sweet-corn is necessary to ensure good
quality. Sugar quickly changes into carbohydrates^ at higher temperatures,
thus changing the flavor of sweet corn. Quality'is maintained, the .longest
if the produce is stored at> 31-33°F and relative humidity of 90-95% [14],.
A.variety of precooling methods have been-.used in order,to remove the
field heat and bring pthe product's temperature to "approximately 32*'F,
Package ice is the .oldest form of precooling -sweet corn and it is
still used today. The ice is shovelled, into open boxes in the field.
Vacuum cooling or hydrovacuum is used,for cooling large quantities of
sweet corn. The product is sprayed- with, water and placed into, a vacuum
chamber [19]. Vacuum cooling is a quick process, but is a large invest
ment for a small farmer [15, 4,. 17],. [Hydrocooling is used extensively for
precooling- sweet corn. Corn can be cooled either, in the crates if packed
in the field or .singly if corn is brought in from the,field in ,bulk .bins.
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The half-time cooling rate for a crate 5 ears deep is 28 min. If cooled
in bulk, the half-time cooling time is 20 minutes [15]. More recently,
sweet corn has been cooled with liquid ice. It was recommended to
hydrocool first, then use liquid ice [5]. Sweet corn has a short storage
life, regardless of the precooling method.
Sweet corn must be top-iced for shipment. It must be stacked to have
good contact with ice in order to keep well in transit [15]. Quality can
be maintained from 4-8 days in cold storage at the market [10].
Leaf Lettuce
Leaf lettuce is harvested several times throughout the growing
season. Labor requirements are high because all leaf lettuce is hand
picked and field packed to ensure a quality product and uniform packing.
Leaf lettuce is usually field packed in 40 lb. cartons with counts of 24.
Another common size is 10 pound cartons. Iowa's growing conditions are
suitable for leaf lettuce (Romaine and other leafy vegetables). USDA
standards for grading vary slightly for these products [9].
Respiration rates for these leaf type lettuces are high, increasing
their perishability. Leaf lettuce also loses water quickly, therefore,
proper handling is necessary to slow these processes. Optimal storage
conditions for leaf lettuce are 32-35"? and relative humidity of 90-95/.
Precooling to remove field heat before storing is required. Several
methods are available to lettuce producers. Leaf lettuce has responded
well to liquid icing, the most recent method being used. However, freez
ing lettuce will cause leaf damage. Other methods include hydrovacuum
cooling, hydrocooling and package icing. Hydrovacuum cooling-is quick,
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requiring only 25-30 minutes to precool cartons "-"of lettuce but the method
is prohibitively Expensive for small growers.' Hydrocoolirig must-be done
carefully' and may not be suitable because of the tenderness of the pro
duct. Chlorine should'be added'to the water' to reduce soft rot infection
of leaf lettuce [15].
During shipment all leaf lettuce" should be top-iced to ensure maximum
marketability. Leaf lettuce can'be stored in controlled atmosphere
refrigeration units [15].' It is usually packed 'in polyethylene bags to
retain moisture.
Group 11
Muskmelons
The muskmelons are almost entirely hand-harvested and sometimes at
temperatures as high as 86—lOA^F. Because of this, the melons should be
cooled as soon as possible to prevent deterioration of quality, Musk
melons will ripen and lose sugar content in high temperatures even after
being harvested. If the melons are cooled to between 50—59 F soon after
harvest, sugar loss will be reduced to approximately one-fourth of what it
would have been if the melons had not been cooled. Muskmelons should be
held at 35-40°F.
USDA grades for muskmelons are Fancy, No. I and commercial. Melons
are shipped in 1/2-crate cartons weighing 38-41 pounds, 2/3-crate cartons
weighing 53-35 pounds and standard crates of 78-85 pounds, A medium-sized
melon is 6" in diameter [14].
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Muskmelons can be precooled with a variety of methods (water, air,
ice etc.). The most efficient method is the use of a hydrocooler. The
hydrocooler cools the melons to the SO-SS'F range, then the melons are
packed and moved into cold storage where the rest of the cooling will take
place. Ice is sometimes used in the cooling room to finish the cooling
process. If the melons are not in contact with ice, they should be held
at high relative humidity, about 95% [15]. Generally, muskmelons can be
stored for a period of about one week (some varieties up to two weeks).
Potatoes
Mechanical harvesters are used extensively to get fresh market
potatoes from the field to the table. From the harvesters, the potatoes
are put in field trucks, bins or immediately boxed. From this point, they
are transported to a packing house. Once through this process, the
potatoes are unloaded for curing and held in storage. To ready the
potatoes for marketing, they are washed, sorted and graded, and sized.
From here, potatoes are packed for market into shipping containers or
consumer packaging (Figure 2.2)[15].
There are numerous cultivars of fresh tablestock potatoes which vary
in size, shape, color and surface texture. Most cultivars have a use best
suited for .them, but possible mixing is a choice under optimal conditions.
Usually, russets ("Burbank," "Norgold" and "Centennial") are primarily
used for baking, while the main purpose for "Irish Cobbler" and "Green
Mountain" would be for boiling. Potatoes are graded No. 1 Extra, No. 1,
or No. 2.
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HARVEST
mechanical (most root and tuber vegetables) or manual
(carrots with tops, onions garlic, and sweet potato)
LOAD
FIELD, CURE," CLIP
AND TOP
(garl-ic)
(mechanically into -bulk field trucks', bins or boxes)
TRANSPORT TO PACKINGHOUSE
UNLOAD
Water-flume (potato, carrot) or dry dump (onion, garlic)
WASH
(carrot, radish,
potato)
HYDROCOOL
(carrot, radish)
PACK INTO SHIPPING
CONTAINERS
COOL-
CURE i STORE
(sweet potato in'bulk bins,
potato in bulk storage)
UNLOAD FROM STORAGE
(potato, sweet potato)
wash
SORT AND GRADE '
s;;zE
•TEMPORARY COLD
STORAGE
LOAD INTO'TRANSPORT VEHICLES
TRANSPORT TO MARKETS
CURE
(onion, garlic if not
field cured
BRUSH
CONSUMER-PACKAGING
PACK INTO MASTER
CONTAINERS
Figure 2.2. Harvest and postharvest operations for root, tuber and bulb vegetables
[9, p. 135]
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Once harvested, the potatoes are cured. This is a natural ability of
potatoes. That is, if the potatoes are held 10 days to 2 weeks at 45~60°F
and relative humidity of 90+%, the potatoes, themselves, will cure the
effects of harvest (i.e. bruising and small cuts). For optimal curing
the potatoes should be held 1-2 days at 65*7, with the temperature slowly
being dropped over the time interval [15].
After curing, the fresh market potatoes should maintain a constant
temperature of around 40"? throughout the period of storage. Also, they
are usually stored in complete darkness to prevent greening of.the
potatoes from occurring. Further, there must be adequate ventilation in
these storage warehouses. (Chipping potatoes, which are not included in
this study, should be stored at 50-55**?, but if stored at lower tempera
tures, i.e. 40'*F, they can be reconditioned by storing at 70®F until the
sugar content has been reduced.)
Snap Beans
Machines are the most efficient method of harvesting snap beans.
Mechanical harvesters with "Slender rotary metal fingers or tines on a
reel" very similar to early prototypes are still used.[15] The functions
of sorting, grading and sizing are commonly done in the field or packing
house. Bush beans, the principle type, are graded Fancy, No. 1,
combination or No, 2 [14].
Snap beans are usually stored for short periods of time. In most
instances, it takes 10-12 days before they begin to deteriorate. Snap
beans should be stored at a relative humidity of 85-90° and a temperature
of 45°F. At higher temperatures, the storage life is significantly
shorter. However, too low temperatures can also cause chilling injury.
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Discoloration from chilling may occur when marketed and held at room
temperature.
It is suggested that the quicker cooling methods-be implemented to
cool the beans. One such method would be hydrocooling to 45-50'F. Snap
beans also require good air circulation. This is especially noticeable in
the centers of the containerswhere .the temperature will r,ise if air is '•
not properly circulated throughout [15], Beans are packed in bushel
cartons or hampers weighing 26-31 pounds [14],
I , ' I , . •
Bell Peppers
Bell peppers are 76-100% hand harvested [9], Desirable bell peppers
are charaterized by a shiny epidermis, dark rich green or red.color
(depending on variety) and a firm structure. Shape is not a criterion of
quality, but irregular shapes are,not marketable. Peppers are graded
Fancy, No, 1 and No. 2 [14], .
Peppers are.usually precooled by.iforced air. The length of time
required to cool the vegetables to temperatures of 45^-50"? is critical.
At higher temperatures ,• undesirable characteristics, such-as early-., .
ripening and decay occur. However, if the temperature is-below 45"F chil
ling injury can occur. Peppers can be hydrocooled, but problems arise.
The water in the hydrocooling system leaves the peppers more susceptible
to decay. This problem can be alleviated by drying the vegetable after
hydrocooling. Peppers should be stored at high relative humidity of
90-95%, or they will rapidly become soft and leathery.
At optimal temperatures and relative humidities the vegetable will
not deteriorate for two weeks. However, the deterioration during 'a third
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week of storage is minimal. Thus, optimally peppers should be marketed
within two weeks and no later than three weeks. Peppers give off low
levels of ethylene, but should not be exposed to vegetables which emit the
gas at higher levels (tomatoes and melons). This will reduce the risk of
early ripening. The low level of ethylene given off by the peppers will
not cause early ripening as long as the storage area has proper ventila
tion [ 15] ,
Before a shipment of peppers leaves storage, it is washed and usually
waxed. The waxing prevents water loss, thus the vegetables keep their
firmness, which enhances their storage life. Generally, peppers are not
packaged until post precooling. Due to size differences peppers are
packaged in 30 lb. bushel cartons with differing counts [15].
Cucumbers
Most slicing cucumbers are hand harvested although mechanical
harvesters are available. Mechanical harvesters usually destroy the vines
after one picking but a hand harvested field can be picked several times
throughout the growing season. Cucumbers are packed in 26-28 pound car
tons, 30-32 pound cartons and 50-55 pound cartons.
Cucumbers for the fresh market should be dark green and firm. Small
yellow-green spots formed from laying on the ground are acceptable, but a
yellow cucumber is undesirable. Cucumbers are graded Fancyj Extra No. 1,
No. 1, No. 1 small, No. 1 large and No. 2. A medium cucumber is 7 1/4"
long [14],
Cucumbers are usually room cooled or cooled in a refrigerated truck.
It is not necessary to precool them rapidly. However, hydrocooling can be
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used. Cucumbers store -the best at a relative humidity of'90-95%. -The •
high humidity keeps the cucumber' firm and helps minimize water loss. '
Cucumberis are also waxed or wrapped in'film in "order to retain water. If
properly stored at 54-55*'F, a very narrow range-, cucumbers will remain in
g'ood marketable condition for 10-14 days.' Chilling injury will occur'if
they are stored.at 50" or less^ Cucumbers should hot be stored^ with
ethylene-producing crops because ethyl'ene •will"'cause cucumbers-to yel-lbw
prematurely [15].
Summer Squash' ''
The'best quality-of summer'squash- is'obtained by hand harvesting'be
fore the crop is entirely mature. The color of the squash is an indica
tion of its ripeness. The dark green varieties should be harvested upon
reaching total greenness. Yellowing is an undesirable characteristic''and
conveys reduced flavor -and shorter storing ability. A smaller 'sized-
squash is the most* common in the U.S. where the uses of the-larger '
varieties are' limited.' Furthermoreshiny, firm and* injury-free summer'
squash are the most marketable product, • '
Although summer squaish is not pirecobled' it i-s' refrigerated when '
packaged and loaded for shipment, -No specific number of squash ''are con
tained'within the 50 pound bushel boxes due to' the' varying' size of the
vegetable.' " Thus, net poundage is important,'" and although>m'any "sizes-are •'
acceptable, squash! should not be' longer-than 6 inches for> long types and 4
inches in diameter for round types [14, 15]. '• - •••• ^
Several methods are in practice to reduce deterioration of squasK^i
The-vegetables can be held in storage *for-"one-or -two weeks if kept at high
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levels of relative humidity (90-95%). Also, storing squash at a tempera
ture of about 50"? will help deter undesirable characteristics. Chilling
injury will occur if held at 41''F for more than 2 days. Much of the
squash marketed today is waxed to prevent water loss, further softening
the vegetable. Ethylene-producing crops such as apples, melons and toma
toes, should not be stored with squash. The ethylene gas promotes
yellowing, shortening the squash storage period [15],
Tomatoes
Most fresh tomatoes are hand harvested as either "mature green" or
"breakers"[15]. A breaker is a tomato in the first stage of changing
color. They are termed "vine ripe" in the tomato industry. The tomatoes
are generally transported to the packing house in field boxes holding up
to 70 pounds (Figure 2.3) [14],
At the packing house, tomatoes are dumped into a tank of water and
washed. Then they move over a series of belts and are sorted by hand for
color and grade, and by machine for size [13], Color sorting and grading
are predominantly done by hand, although this is becoming more mechanized,
especially in larger operations. After being sorted and sized, the
tomatoes are packed in 50 count boxes weighing approximately 20 pounds,
other counts are used in the trade [14], From there they may be loaded
for the fresh market or placed in cold storage. Tomatoes may remain in
storage for a period of one to three weeks, depending on maturity when
harvested [10],
The recommended temperatures for ripening and storage of tomatoes
depends on the level of maturity. There are six levels of maturity, of
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HARVEST
Harvesting manually, -into buckets, or mechanically for
some mature-green tomatoes
Transportation to packinghouse in bins or gondolas
Dumping, dry or in water
Washing in ch orinated water
Presizing to remove very small fruits
Sorting to remove culls
Wa> ing
Sorting by color for ripeness
Sizing
t ; , i. I
Sorting into two plus quality grades
Packing (volume fi 1 or place-packing)
Mature-green:
ethylene-' treatment
Palle :izing
Temporary storage
Cooling to
55'F. ( 2.8'C)
Loading into transit vehicles
Transportation to destination wholesale markets or chain
store distribution centers
Ripening of mature-green tomatoes; consumer packaging
Retail stores
Figure 2,3. Handling system for fresh market tomatoes [9, p. 139]
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which mature green are the most sensitive to chilling injury. Mature
greens must be stored at while riper fruit can be stored at lower
temperatures, such as 50-55®F for breakers. Fully ripe tomatoes may be
stored at 32''F for about 1 month. A relative humidity of 85-90% is neces
sary to prevent excess moisture loss which occurs mostly through the stem
scar. When ripening is desired, a temperature of 65-72'*F is optimal for
uniform ripening, with a relative humidity of 85-90 percent [7]. Ethylene
gas may be used for faster, more uniform ripening of mature green toma
toes .
Generally, tomatoes are washed, packed, and refrigerated. However,
hydrocooling has been experimented with in the desert areas of California,
The tomatoes are showered in bulk rather than packed in boxes where they
are completely immersed in water. This is to prevent splitting of the
skin due to the tomatoes taking up water [15],
Prior to packaging, tomatoes are usually waxed before being sent to
the retailer. Repackers are responsible for packing the tomatoes into
small consumer units, but some retailers do their own repacking.
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SECTION III
Analysis
An economic engineering approach was used to evaluate the feasibility
of 3 of the 6 precooling options mentioned in the previous section. The
following table (Table 3.1) is a summary of how the vegetables were
classified according to precooling method based on the information in
Section II, Forced-air cooling and vacuum cooling were deleted from the
analysis for several reasons. Vacuum cooling on a small scale is cost
prohibitive and not applicable to many of the vegetables chosen for this
study. Forced air cooling is the best precooling method for bell peppers,
however, data were not available for forced air cooling equipment
investment and operational costs.
Table 3.1 Vegetables According To Method , ^ ,
Hydrocooling
Broccoli
Sweet Corn
Cabbage
Leaf Lettuce
Snap Beans
Bell Peppers
Muskraelon
Package Icing
Broccoli
Sweet Corn
Leaf Lettuce
Liquid Ice
:Broccoli
Sweet Corn
Leaf Lettuce
Muskmelon
Room Cooling
Cucumbers
Summer Squash
Cabbage
Potatoes
Tomatoes
The steps taken in the cost engineering approach to determine the
optimal size included: (1) deciding various (different) volume levels of
vegetables to precool on a daily basis; (2) determining the size of
equipment necessary to precool the vegetables at each volume, and (3)
calculating the operational (variable) costs for each method of
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precooling. Once the costs were determined, an economic comparison among
the methods was possible by vegetable.
Five levels of vegetable production and precooling were selected.
The smallest volume started at 2,000 pounds of vegetables precooled per
day; this was followed by 5,000, 10,000, 20,000 and 40,000 pounds of vege
tables precooled per day. The costs were based on the assumption that one
vegetable was being produced and precooled each day rather than a mix of
vegetables (i.e only 2,000 pounds of broccoli and not 2,000 pounds total
of broccoli and leaf lettuce). However, realistically, a grower will most
likely want to grow more than one vegetable in order to market produce
throughout the entire growing season (see Table 2.3 for acreages necessary
to meet daily volumes). The cost of precooling a combination of veget
ables could be obtained by assigning weights to the cost/lb. according to
the number of pounds of each vegetable being precooled, given that the
time constraint had been considered. At least one variable that could be
over or under stated due to examining only one vegetable is electricity
costs. Vegetables vary greatly in the extent to which electricity is
needed in the precooling process. A mix of vegetables could increase or
decrease the electricity cost per case because the cost per additional
unit of electricity declines as usage increases.
Fixed Costs
Hydrocooler
Estimates were given for two types of hydrocoolers. The first was a
conveyor type hydrocooler which functions by "raining down" cold water in
to boxes of produce. The second type was similar except that it was
5 :
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designed for'pirecooling produce in bulk. 'Other types of hydrocoolers are
available on the.market, however, these seemed the most suitable for the
types and volumes of produce being cooled. The maximum capacity for^both
hydrocoolers is 5,000 pounds of vegetables cooled per hour or 40,000
pounds per day if it were operated for 8 hours. The hydrocooler for boxed
produce was estimated to have a base cost of $17,000 while the base cost
for the hydrocooler to precpol bulk produce was slightly higher at
$22,100. Both could be shipped to Iowa and installed for an additional
$1,500 [see Appendices A.l - A.3],
Hydrocoolers require a refrigeration unit in order to keep the water
n .
cool [see A.4 - A.5]. In our case the refrigeration requirements would be
the same, regardless of the type of hydrocooler in use. Refrigeration
costs depend on several variables. The costs increase directly with
capacity and the required temperature reduction. For example, pre cooling
2,000 pounds of vegetables per day by SS^F costs $100 less in
refrigeration than precooling 2,000 pounds by 45''F. Another variable that
should be considered in calculating refrigeration costs is heat loss
during operation. The heat loss for these hydrocoolers was estimated at
15%.
Fixed costs for acquiring a hydrocooling system include the base cost
of the hydrocooler plus shipping and installation, refrigeration equip
ment, additional refrigeration (i.e. cooler room) and the associated taxes
and insurance. The fixed cost for precooling broccoli and sweet corn also
included a crusher-blower to top-ice the product for shipping. The hydro-
coolers and refrigeration equipment were amortized at a 14% rate over a
ten year period and fixed costs were'calculated'on •a jier-case or per'pound
precooled basis [see A.6].
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The fixed costs per unit volume did not vary with the type of vege
table precooled, but rather according to the volume of vegetables pre-
cooled per day.
Liquid Ice Machine
Using slush ice or "liquid ice" to cool produce is relatively new in
postharvest technology, A liquid ice machine mechanically injects a
slurry mixture (50% water, 50% ice) into packed vegetables. Boxes are set
on a conveyor where the injector system comes down from above and pumps
slurry into each box. The extra water drains through holes in the boxes
and the water is recycled. The estimated base cost for this system was
$28,400 (including a hand-held nozzle) plus approximately $3,000 for
shipping and installation. The capacity of this machine is 350-400 cases
filled per hour or about 15,000 - 20,000 pounds of vegetables per hour
[see A.7].
A cooler room will be needed given our assumption that we may not be
able to market our produce everyday. An ice truck will also be needed to
haul and store ice. The machine crushes block ice which is available for
$.055 per pound. If ice is not readily available an ice making machine
will be needed. It was assumed that an adequate supply of ice was avail
able. Therefore, the fixed costs included the cost of the liquid ice ma
chine, the nozzle, an ice truck, a cooler room, taxes and insurance.
These costs were amortized over 10 years at 14%, Fixed cost per case and
per pound were calculated.
Icing: Crusher-Blower
Produce has been precooled over the years by using crushed ice and it
is still being used today. Block ice can be purchased from local ice
i 2
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makers and crushed on the farm. " Ice crushers are available- for' various" •
sizes of operations. • An electric powered ice crusher with 'a blower
attachment can be purchased for approxiraat'el-y $6200 [see A.8]. A gas-
powered ice crusher Is about $1500-more' Both machines run on 10-HP with
the capability of crushing 300 pounds'" of"ice per minute, The crushers can
handle up to 50-pourid blocks of ice. •
Typically, ice is crushed and' blown' against the' wall by one man while
another is shoveling ice into the boxes of produce'at a rate of 160 boxes'
each hour. Once the produce is iced it is carried into cooler rooms or on
to refrigerated trucks' to be taken directly to'the market:'
•The fixed costs associated with precooling by this method-include the
base" cost of the crusher-blower, refrigeration unit-," an ice truck, -taxes
and Insurance. These costs were amortorized over 10 years at '14% interest
to arrive at fixed cost per case figures. A means of storing the block
ice must be available. Either a cooler room or a refrigerated truck could
be used. The cost of a 1/2 ton ice truck was estimated to be $22,000.
There would be some latitude for a grower to choose how to keep ice frozen
' I .. -J I J - >i . •
particularly since distance from an ice market will differ among growers.
" 'f ♦. T • . ' ' ' " •
Daily deliveries or even twice daily ice deliveries may be possible if an
ice company is located near the grower. On the other hand, if a grower is
is some distance from an ice market, several days ice storage may be
needed.
Icing - Purchasing Crushed Ice
Crushed ice could be purchased directly from local ice makers and de
livered on a daily basis." The ice is shoveled into cases of produce at a
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rate of 160 cases/hour. This precooling system is still widely used by
small growers in other states. It is the least expensive and least risky
means of precooling produce when a grower is just beginning since little
investment is needed for precooling equipment.
However, cooler rooms will be necessary in order to keep the produce
cool until marketed. The cooler rooms will also aid in the precooling
process. An ice truck was included in the cost of precooling with crushed
ice since the ice is received once a day and must be kept cool. The base
cost for the 1/2 ton truck was estimated at $22,000. The fixed costs for
icing included refrigeration, ice truck, taxes and insurance. The fixed
costs were amortized at a 14% rate for 10 years. Icing fixed costs were
less than $.30 per case for all of the vegetables that can be precooled
with crushed ice.
Room Cooling
Room cooling involves placing containers or bins (in the case of
potatoes) of produce into a cold room. Containers should be stacked to
allow air contact on all the container surfaces. In order to precool by
room cooling, the refrigeration area must be larger than what might be
efficient for simply cooling produce because of the spacing that is
necessary between pallets. Containers that have several holes cut out for
better ventilation will allow the produce to cool more quickly. Handling
is minimized in this process because produce is precooled and stored in
the same location.
The area of the cooler rooms varied according to capacity cooled per
day. The area was doubled to ensure adequate cooling space if vegetables
33
weren't shipped daily. Room (aisle'space) to maneuver the pallets once
inside the cooler was also,included.• Square feet, of,cooler space was
based on a .pallet size of 40" x 48" with pallets stacked 2 highi Each
pallet holds 48 cases of produce or approximately 2400 lbs/pallet. ' Pound
age varies according to box'and vegetable weight of each ty^e of vegetable
precooled, i
The fixed cost was estimated at $26/sq. ft., however, on a smaller
~ ' 'I. •?•'•' ' .. •
scale, i.e. 2000 pounds, it would be reasonable to assume higher costs.
This cost includes cement, insulation, roof, base, refrigeration, walls
and doors. Total fixed costs included taxes and insurance. The total
fixed cost for a cooler room large enough to cool 2000 pounds was estimat
ed at $650.00 compared to $17,550i00 to room cool and store 40,000 pounds
per day [A.9],
Comparison of Fixed Costs '
Table 3.2 and Figure 3.1 is a summary of the fixed costs associated
with each method of precooling. The following graph illustrates the dif
ference in fixed costs among hydrocooling^ liquid icing, blowing crushed
ice and icing and at the 5 chosen volumes. The ice crusher-blower and the
slush ice machine were not being used to capacity. The graph illustrates
that they were not fully utilized at 40,000 poundsi cooled per day because
there is still a downward trend. The slurry ice system is capable of
cooling 140,000 pounds per day and the use of an ice crusher-blower would
make it possible to precool about 64,000 pounds a,day.
Room cooling is the least costly method in terms of fixed costs.
However, room cooling has certain limitations. Not all produce are ade-
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T^le 3.2, Fixed Cost Per Pound of Vegetables Cooled
iiocooliiig
ooled in 50 lb boxes;
I^rocooler & Itefrig.
Add'l Refrigeration
Taxes & Insurance
Total Fixed cost/lb of vegs.
Precooled in bulk:
Hydrocooler & Refrig.
Add'l Refrigeration
Taxes & Insurance
Total Fixed Cost/lb of vegs.
Room Pooling
(jooier Itocm
(space for two ds^ capacity)
Taxes & Insurance
Total Fixed Cost/lb of vegs.
Snow Ice Crusher Blower
Electric Powered:
Crusher-Blower & Equip.
Refrigeration
Ice Truck
Taxes & Insurance
Total Fixed Cost/lb of v^s,
Gas Powered:
Crusher-Blower & Equipment
Refrigeration
Ice Truck
Taxes & Insurance
Total Fixed Cost/lb of vegs.
Liquid Ice System
^Slush Ice MacfSne
Refrigeration
Ice Truck
Taxes & Lisurance
Total Fixed Cost/lb of vegs.
Iciig
Itetrigeration
Ice Truck
Taxes & Insurance
Total Fixed cost/lb. of v^s.
Capacity
1 2 3 4 5
2000 lb/day 5000 lb/day 10,000 lb/day 20,000 lb/day 40,000 Ib/d
.015 .006 .003 .001 .0007
.0005 .0004 .0006 .0005 .0004
.002 .001 .0007 .0003 .0003
.UiO .0074 5 .00^3 .0018 i? .0014
.019 .008 .002 .0015
.0003 .OOOi .0006 .0005 .OOOi
.003 .003 .0008 .0005 .0003
5 M7h i? .0114 § .0054 $ .0030 $ .0022
.0005 .0012 .0009 .0008 .0007
.00008 .0002 .00015 .00012 .0001
S .00058 .0014 5 .0(310b .00092 ? .0008
.005 .0020 .001 .0005 .0002
.0005 .0012 .0009 .0008 .0007
.018 .007 ,004 .002 .0009
.00355 .0016 .00085 .000475 .00024
9 .U2A):) if .0118 ^ .UUb/i .uuj//:>
.006 .0024 .0012 .0006 ,0003
.0005 .0012 .0009 .0008 .0007
.018 .007 .004 .002 .0009
.00375 .0017 .00085 .000475 .00034
9 .02825 $ .0123 $ .006^)5 i? .0038/!) $ .00024
.024 .0095 .005 .002 .001
.0005 .0004 .0006 .0005 .0004
.018 .007 .004 .002 .0009
.00353 .00137 .00075 .000425 .00024
5 .04603 .01827 .oioys .05^925 .U02!A
.0005 .0004 .0006 .0005 .OOOi
.018 .007 .004 .002 .0009
.003 .0012 .0012 .00037 .0004
5 .0215 .0086 .U0S8 .00287 .UUl/
See i^)pendix for equations used to calculate fixed costs [A.ll]
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quately precooled by simply placing them in a cooler. The length of time
to precool is the major drawback of this method. Broccoli and sweet corn
are unacceptable to buyers if precooled by this method, but room cooling
works well for potatoes, cucumbers, summer squash, cabbage and tomatoes.
The fixed costs of hydrocooling at capacity were slightly more than
room cooling. The fixed costs per pound fell from $.0175 at 2000 pounds
precooled per day to $.0014 at 40,000 pounds per day if the produce was
cooled in boxes. A machine to precool bulk produce had a fixed cost of
$.0225 per pound precooled at 2000 pounds relative to $.0022 per pound at
40,000 pounds. It is about 10 times more costly to use if it is not run
ning at capacity.
A hydrocooler is used for produce that must be cooled quickly and
kept cool. The liquid ice machine is designed for the same purpose. At
40,000 pounds precooled per day the fixed costs of the hydrocooler for
boxed produce (without the crusher-blower) is about half of the cost. If
the liquid ice machine were used to full capacity the fixed costs would be
less than for a hydrocooler. The purchase of an ice truck is also an
added expense for the liquid ice system that may or may not be necessary.
The fixed cost for package icing by purchasing crushed ice or by
using a crusher-blower are very similar. The major fixed costs for these
methods is the purchase of an ice truck or some means of storing ice. The
crusher-blower is relatively inexpensive and if used at capacity, the
fixed costs would be nearly the same.
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Variable Costs
In keeping with the economic engineering method of evaluating Jthe
precooling options, variable (operation) costs were determined. The
methods-of precooling-'required at least-one if not all of the following'-
variable-costs: (1) carton; -(2) electricity-'(energy);^ (3) water;- (4)'- »
labor; (5) 'ice and (6) repairThe! Massachusetts' study was' usedi as a
guideline for-this section. Variable costs for .Iowa were consistent with
those in the Massachusetts, study [9,-p." 14-16].. The variable costs were
calculated on a per case and a per pound basis for each volume of veget
ables precooled daily. i .
Labor •
• The labor was assumed to be hired at'$5 an hour and'employed for
precooling only during the actual tirae'required to precool' the vegetables.
It was assumed that- labor would^'be' involved in other aspects of vegetable
production up"to full-time, employment. ' If part-time" help is available .the
same method of-calculating -labor costs could be-employed. 'In order for a
precooling operation'^ to. operate efficientlymanagement and personnel must
be familiar with the operation and.able to adjust for temperature-changes
and other variables that could slow the operation or increase costs." The
cooling times in this study were estimated under.- the condition: that
management and other personnel were well-trained• and'able to:adjust= the"-
operation as needed. ' •• • • • - •
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Repair
An estimate of the repair costs was difficult to obtain. The manu
facturers of the equipment could not provide precise data, therefore an
estimate was made based on the information from several sources. Repair
costs were assumed to be 5% of the purchase price per year. The cost was
constant regardless of the level of capacity since it was not clear that
at lower levels there would be less repairs than at optimum capacity. The
repair costs included parts, lubricants and labor. Calculating repair
costs in this way increases the variable cost per case at the lower
capacities relative to the higher capacities.
Container
Vegetables are marketed in a variety of containers. Cardboard boxes,
wooden crates, baskets, bags and bushel sacks are used. In this study
cardboard boxes were priced assuming that they were wax coated for those
vegetables that were hydrocooled or liquid iced. The size, structure and
cost of the carton- varied according to the vegetable. The costs per
carton ranged from $0,86 to $1.28, Prices were obtained from a container
company and from the USDA [1]. Potato bags were $0,38 per 5 pound bag.
The container was the largest variable cost. However, the market
survey indicated retailers expect vegetables to come in industry standardT
ized containers. Therefore, it is necessary to incur this cost in order
to market vegetables competitively at the wholesale or retail level.
Container costs were charged at a flat rate per box. There was no
attempt made to estimate the cost of liners, pads or wraps. However,
these may be necessary with some of the vegetables. The containers were
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primarily 2 sizes: (1) a 1/2 bushel waxed box and (2) a 1 1/9 bushel waxed
box. The boxes used must-be able to withstand stacking.• In'this study
the boxes had a 250 lb. bursting strength. It was assumed that the boxes
would have 25% printing on the sides for a logo or whatever a grower might
choose to have on the box.
There are other economic variables to be considered when a grower
chooses his packaging method. There is a complete list"given by F. Gordon
Mitchell in "Post Harvest Technology of Horticultural Crops" [p. 33].
These should be examined carefully to ensure a good quality container that
is acceptable on the market.
Electricity
The amount of electricity used per case of vegetable precooled
depends directly upon the type of vegetable precooled because the specific
heat of vegetables varies and vegetables are stored at different
temperatures. Usage also varies across precooling methods.
Pounds of vegetables cooled, and temperature reduction (in degrees)
are needed to calculate British Thermal Units (BTU*s) required in cooling
vegetables. Because optimum storage temperatures differ by vegetable,
temperature reduction will vary across vegetable types. For example,
broccoli should be stored at 32*F while tomatoes-keep'well at 50*'Fi . If
both products are brought from the field witha- field heat- of SS^F then
broccoli will need to be brought down 53*F while tomatoes only need to
cool 35'F.
Electricity usage by different methods of precooling relates to the
speed and efficiency of the machines cooling the produce. Since
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hydrocooling is a relatively quick method of precooling compared to room
cooling, hydrocooling requires more BTU's, Thus, more electricity is
required and the cost likewise increases.
These two factors account for a major part of the variation in elec
tricity cost per case. A slight cost differential occurs as a result of
the type and size of container produce is packed in. The specific heat of
produce ranges from .85 to ,95 BTU per pound; and the specific heat of
wood and paper is ,3 BTU per pound [12]. Therefore, the rates of veget
able poundage to wood and paper poundage will cause variation in electri
city consumption. Electricity cost was calculated for operating the
machine and for refrigeration during the precooling process only.
Electricity in Iowa is charged according to a variable scale, i.e. as
consumption increases the cost per kwh decreases. Therefore, precooling
smaller quantities results in a higher electricity cost per case relative
to precooling larger quantitities.
Ice
Ice is a variable cost included in several methods of precooling.
Package icing, liquid icing and top icing broccoli and sweet corn after
hydrocooling require ice to precool the produce to the acceptable tem
perature. Ice is available locally in either crushed or block form. The
cost per pound of crushed ice is $,0625 and the cost per pound of block
ice is $.055,
The amount of ice needed to precool a case of vegetables depends upon
the produce to be cooled. The amount of ice to use, which is an accepted
estimate throughout the industry, is a ratio of 4 pounds of produce to 1
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pound of ice. In the case of broccoli and sweet corn, top ice was includ
ed in the costs of hydrocooling because both products maintain freshness
the longest if kept at 32*F. Without the additional top ice, the produce
will warm up quickly,
• <" 1.1 . ^ 4
The liquid ice system of precoolirig uses a mixture of 50% crushed ice
, • I * ' • • r • ' i ' • '/ - ' ' ' . '
to 50% water. Block ice can be used because the liquid ice machine is
equipped with a crusher. After the liquid ice is pumped into the contain
er the excess water is collected and recycled with additional ice.
Water ' ' -
Water is needed to operate both^the hydrocooler and the liquid icing
machine. It was assumed that an adequate supply of water was available'to
the grower throughout the growing season. . .
The price of water if purchased from the city'is $2,92/485 gallons
used [6], • At-capacity the'hydrocooler'would us'e up to-500 gallons of • •
water on a daily basis: Part of the water is lost (-10 gal/hr) but the •
majority is recycled, "The water should be "replaced every third' day. This
assumption was made'regardless of' capa'city. Therefore, water costs per
case at lower vegetable volumes were high reliative to larger volumes.
The I'iquid icing machine requires' larger quantities of water to pre-
cool because its recovery rate is not as high-as the hydrocooler's recov
ery rate. Approximately 40% of the 'slurry mixture as'recycled'by adding
additional crushed ice; At capacitythe liquid ice machine-will use
approximately 1900 gallons of water daily [see A,12], • t '
The cost of chlorinating the water'was investigated; However, total'
cost'per case was'less' than $.01', ' ' . ...
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Comparison of Variable Costs
The total variable cost of room cooling produce is the least costly
method for cucumbers, summer squash, cabbage, potatoes and tomatoes.
Table 3.3 shows the breakdown of the costs and total costs. The low
variable costs of room cooling decreased slightly as capacity increased.
The decrease is a result of electricity rates falling as use increased.
The variable cost of room cooling potatoes is due in part to the fact that
potatoes do not need to be cooled quickly. In this example, potatoes were
allowed to cool over a 3-day period. However, the major difference is the
container costs. The cost of a 50 lb. potato bag is only $.38 compared to
the cost of a cabbage box at $.96.
The following tables 3.4 and 3.5 show the costs of precooling using
the package icing by buying crushed ice and by purchasing block ice and
crushing it. The carton cost is about 2/3 of the total variable cost in
both cases. It was less expensive to buy block ice and crush because the
electricity cost of running a crusher-blower was less than 1 cent per
case, but the total cost per case of using block ice was $.05 to $.10 less
than the cost per case of purchasing crushed ice across the indicated
volumes. Both of these methods were in general less costly than either
hydrocooling or liquid icing.
At 20,000 and 40,000 pounds precooled daily the total variable cost
for hydrocooling (t=7/8) broccoli and sweet corn and top-icing were
essentially the same as buying crushed ice and shoveling it into each box.
It was actually cheaper to hydrocool leaf lettuce than to use package ice
at all volumes. At a capacity of 20,000 pounds precooled per day, the
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Table 3,3. Costs of Precooling Produce by Room Cooling
Vegetable
Volume (lbs)/
tiay
Cases
Cooled/
•• Day
Pounds
Per -Case
Electric
Cost/Case
. Cartoh'
Cost
Repair
Cost/Case
Cucumbers
2000 . 38 52.5 ' 0.029 0.86 . 0.007
5000 •. 95 52,5' 0,026 •. 0.86 0.017
10000 190 52,5^ 0,024 0.86 0,013
20000 '380 52,5 . 0,021 . 0.86 • ' 0.011
40000 762 52.5. 0,020 •• , 0,86 0.010
Summer Squash
2000 ' .40 50,0 . 0,027 •0.86 0.007
5000 -100 50 ,o:... 0,024 0.86 - 0.016
10000 200 50,0 ' 0,022 0.86 - 0.012
20000 400 50,0 0,020 .0,86 0.010
40000 800 50.0 0,018 •0,86 0.009
Cabbage
2000 40 50.0 0,017 - - " 0,96 0.007
5000 ..100 50.0 0,015 0,96 0.016
10000 200 50.0 . -• 0.014 0,96 . 0.012
20000 •'400 50.0 . 0.012 0.96 0.010
40000 800 50,0 . 0.011 0.96 ' 0.009
Potatoes
2000 • 40 50,0 . 0.010 0.38 0.007
5000 100 50.0 . 0,008 . . 0.38 ^ 0.016
10000 200 50.0 • 0,007 •• "0.38 0.012
- 20000 400 50.0-« 0.007 0.38 • 0.010
40000 800 50.0 \ 0.006 0.38 0.009
Tomatoes
2000 100 20.0 . 0.008 0.60 0.003
5000 250" 20.0 0.007 ; 0.60 0.007
. 10000 500 20,0 .. 0.006 >0.60 • 0.005
20000 1000 20,0 0.006 0.60 - 0.004
40000 2000 20,0 i . 0.005 •0.60 ^ 0.004
See-Appendix A. 13 - A. 15 for-the equations to calculate electrici-ty costs
'Potatoes are packed in 50 lb, mesh bags. Potato bag estimates from the
USDA [1], Others are from Anderson Box Company,
^Repair costs were calculated at 5 percent per year of the purchase price.
Table 3,3. (Continued)
Vegetable
Volume (lbs)/
Day
Variable
Cost/Case
Cucumbers
2000 0.896
5000 0.903
10000 0.896
20000 0.892
40000 0.889
Summer Squash
2000 0.894
5000 0.900
10000 0.894
20000 0.890
40000 0.888
Cabbage
2000 0.984
5000 0.991
10000 0.986
20000 0.983
40000 0.980
Potatoes
2000 0.397
5000 0.404
10000 0.400
20000 0.397
40000 0.395
Tomatoes
2000 0.611
5000 0.613
10000 0.611
20000 0.610
40000 0.609
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Fixed
Cost/Case
0.031
0.074
0.055
0.048
0.042
0.029
0.070
0.053
0.046
0.040
0.029
0.070
0.053
0.046
0.040
0.029
0.070
0.053
0.046
0.040
0.012
0.028
0.021
0.018
0.016
Total
Cost/Case
0.926
0,977
0.952
0.940
0.931
0.923
0.970
0.947
0.936
0,928
1.013
1.061
1.038
1.029
1.020
0.426
0.474
0.432
0.443
0,435
0.622
0.641
0.632
0.628
0.625
Total
Cost/Pound
0.018
0.019
0.018
0.018
0.018
0.018
0.019
0.019
0.019
0.019
0.020
0.021
0.021
0.021
0,020
0.009
0.009
0.009
0.009
0.009
0.031
0.032
0.032
0.031
0.031
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total ^variable cost of.hydrocooling ,was about..$• 10 per case more than
using crushed ice. The cost of. hydrocqoling (t-1/2) was also estimated.
Using half-,time cooling on, sweet corn resulted in precooling, costs for
hydrocooling being about $.30 less than buying crushed ice, if the hydro-
cooler was used to capacity.
The total variable costs of liquid icing was ,in general greater than
the total variable costs of hydrocooling at (t=7/8) time, as shown in
tables 3.6, 3.7 and 3,8, In particular, broccoli can be precooled and
top-iced for about $1,30 a case whereas liquid icing costs about $1,68 a
.' • ^ ^ • . . . ' ; ' ' •
case. The difference is due to the cost of additional ice that is used in
.liquid,icing broccoli,, , • , »
Comparing, t-he^ total ,variable costs for hydrocooling and liquids icing
' . * ' , ^
sweet corn indicate that the length of precooling time can become a cost
I • I , . •
factor in hydrocooling,. ^The length of time becomes important in calculat-
ing both labor and electricity costs. In this case, it is. due primarily
to labor costs. The 7/8-cooling time for sweet corn is 60 minutes. The
assumption made earlier was that,,..labor was employed during the entire
precooling period. It took almost seven times longer to hydrocool ,a case
4 I
of sweet corn than to use liquid ice. The total variable cost for hydro
cooling was between $1,74 and $1,87 and the total variable, cost for liquid
icing was between $1,66. and, $1,90, , Muskmelon was hydrocooled for 45
minutes at a total variable cost of approximately $1.60 but liquid iced, at
a total variable cost of about $1,78,
Length of time to precool directly affects the per day volume of the
hydrocooler. The hydrocooler in this study could not precool to 7/8-cool
20,000 pounds of broccoli or cabbage in 8 hours. Also, 40,000 pounds of
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Table 3,6. Costs of Precooling Produce by Hydrocooling (t=7/8)
7/8
Vegetable No. of Lbs. Cooling Cooling Cases Electric Labor
Volume Cases - per Time Hours/ per Cost/ Carton Cost/
(lbs)/day On Belt Case (Min) Capacity Day Case Cost^ Case
Broccoli
2000 48.0 22 13,0 0.41 91,0 0,00 7 0.86 0.068
5000 48.0 22 13.0 1.03 227,0 0,008 0.86 0.068
10000 48.0 22 13.0 2.05 445.0 0,008 0.86 0.092
20000 48.0 22 13.0 4.10 909.0 0,008 0.86 0.090
40000 48.0 22 13.0 8,21 1818.0 0.010 0.86 0.090
Sweet Corn
2000 48.0 45 60.0 0,93 44.0 0.029 0.97 0.316
5000 48.0 45 60 0 2.31 111.0 0.032 0.97 0.313
10000 48.0 45 60.0 4,63 222.0 0.032 0.97 0.417
20000 48.0 45 60.0 9,26 444.0 0.032 0.97 0.417
40000 48.0 45 60.0 18.52 889.0 0,043 0.97 0.417
Cabbage
2000 36.0 50 78.0 1.44 40.0 0.047 0.96 0.542
5000 36.0 50 78.0 3.61 100.0 0.053 0.96 0.542
10000 36.0 50 78.0 7.22 200.0 0.052 0.96 0.722
20000 36.0 50 78.0 14,44 400.0 0.054 0.96 0.722
40000 36.0 50 78.0 28.89 800.0 0.073 0.96 0.722
Leaf Lettuce
2000 48.0 37 10.0 0.19 54.0 0.007 0.86 0.052
5000 48,0 37 10.0 0,47 135.0 0.007 0.86 0.052
10000 48.0 37 10.0 0,94 270.0 0.007 0.86 0.070
20000 48.0 37 10.0 1,88 540.0 0.007 0.86 0.070
40000 48.0 37 10.0 3,75 1081.0 0.008 0.86 0.069
Snap Beans
2000 48.0 28 11.2 0,28 71.0 0.007 0.86 0.059
5000 48.0 28 11.2 0.69 179.0 0.007 0.86 0.058
10000 48.0 28 11.2 1,39 357.0 0.007 0.86 0.078
20000 48.0 28 11.2 2,78 714.0 0.007 0.86 0.078
40000 48.0 28 11,2 5,56 1429.0 0.009 0.86 0.078
Bell Pepper
0,250.2000 48,0 50 48.0 0,67 40.0 0.024 0.86
5000 48.0 50 48,0 1,67 100.0 0.027 0.86 0.250
10000 48.0 50 48,0 3,33 200.0 0.028 0.86 0.333
20000 48.0 50 48,0 6.67 400.0 0.027 0.86 0.333 ,
40000 48.0 50 48.0 13,33 800,0 0.035 0.86 0.333
Muskmelon
2.2^ 1013^2000 45.0-^ 0.68 51,0 0.019 1.28 0.200
5000 2.2 1013 45.0 1.69 127,0 0.022 1.28 0,200
10000 2.2 1013 45.0 3,38 253,0 0.022 1.28 0.267
20000 2.2 1013 45.0 6,76 506,0 0.021 1.28 0.267
40000 2.2 1013 45.0 13.52 1013.0 0.028 1,28 0.267
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Table 3.6. (Continued)
Vegetable Water Top- Repair Variable Fixed Total Total
Volume Cost/ Ice/ Cost/ Cost/ Cost/ Cost/ Co'st/
(lbs)/day Case .Case® Case , Case 'Case . Case • lb.
. Broccoli j ' , ,
;•
2000 0.028 0.32 0.088 1,371 0.513 1.883 " 0.080
5000 0,011 0.32 0,037 1,304 0.214 1.518. - 0.067
10000 0,006 0.32 0.021 1.307 0.119 1.426 " 0.064
20000 0,003 0.32 0,012 , 1.293 -0.053,; 1.346- ,.0.061
40000 0.002 0,32 0,008 1.289 0.036 1,325 0.060
Sweet Corn i \ ' •
2000 0.058 0,32 0,182 1.874 1.049 2.923 0,059
5000 0.024 0.32 0.077 - 1,735.- , ,0.437 . 2.172 . - . 0.046
10000 0.013 0.32 0,641 1,793 0.244 2.037 " 6,044
20000 0.007 0.32 0.024 1.770 0.107 1.877 0.041
40000 0.004 0.32 0,015 1.769 0,074 1.842 0,041
Cabbage
2000 0.065 0,200 1,813 0.875 2.688 0,054
5000 0.027 0.085 1,667 0.370 2.037 0.041
10000 0.015 0,046 1,795 0.215 2.010 0.040
20000 0.008 0,027 1.771 0.090 1,861 0.037
40000 0.005 0,017 1.778 0.070 1.848 0.037
Leaf Lettuce
2000 0.047 0,32 0,148 1.433 0.648 2.081 0.056
5000 0.019 0.32 0.063 1.320 0.274 1.594 0.043
10000 0.009 0.32 0,034 1.300 0.159 1.459 0.039
20000 0,005 0.32 0.020 1.281 0.067 1.348 0.036
40000 0.003 0.32 0,013 1.273 0.052 1.325 0.036
Snap Beans
2000 0.035 0,113 1.074 0.490 1.564 0.056
5000 0,014 0,047 0.987 0.207 1.194 0,043
10000 0,007 0,026 0.978 0.120 1.098 0,039
20000 0.004 0.015 0.964 0.050 1.014 0,036
40000 0.002 0.010 0.958 0.039 0.997 0,036
Bell Peppers
2000 0,064 0.200 1.398 0.875 2.273 0,045
5000 0.026 0,085 1.248 0.370 1,618 0,032
10000 0.014 0.046 1.280 0.215 1.495 0,030
20000 0.007 0.027 1.254 0.090 1.344 0,027
40000 0,004 0.017 1,249 0,070 1.319 0,026
Muskmelon
2000 0,050 0,158 1.708 0.889 2.596 0,066
5000 0,021 0,067 1.590 0,450 2.040 0,052
10000 0,011 0,036 1.616 0.213 1.830 0.046
20000 0,006 0,021 1.595 0.119 1.714 0,043
40000 0,003 0.013 1.592 0.087 1.678 0,042
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Table 3,6. (Continued)
Footnotes;
6" melon weighs 2,2 pounds. Melons are cooling singly and then crated
2 • . . .
See Appendix A,20 for the equations used to calculate electricity costs,
^[12. page 13],
^Estimates from Anderson Box Company,
^Water estimate from City of Ames,
^Top-ice cost was estimated for an 8" layer of crushed ice.
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Table 3,7. Costs of Precooling Produce by Hydrocooling'(t=I/2)
' •1/2' , - ,,
Vegetable ' No, of Lbs, Cooling Cooling ^Cases Electric Labor
Volume Cases per time Hours/ per Cost/ Carton Cost/
(lbs)/day On Belt Case (Min-) -- Capacity Day Case^ Co s t • - Case
Broccoli
2000 48.0 22 3.25 0.10' .91 0.0021 0.86 0.017
5000 • 48.0 22 3.25 0.26 227 0.0025 0.86 0.017
10000 48.0 22 3,25 0.51 ' 445 0.0024 0.86 0.023
20000 48.0 22 . 3.25 1.03 .909 0.0024 0.86 0.023
40000 48.0 22 3.25 2.05 1818 0.0029 . 0.i86 0.023
Sweet Corn '
2000 48.0 45 15.00 0.23 - .44 0.0099 0.97 0.079
5000 48.0- 45 15.00 0.58: 111 0.0096. 0.97 0.078
10000 48:0' 45 15,00 1.16. 222 0/0098. 0.97 0,104
20000 48.0 ' 45 15,00 '2.31 444 0.0098. 0.97 0.104
40000 48.0 45 15,00 4.63 889 0,0118 0.97 . 0,104
Cabbage ' /
2000 36.0 50 19.50 0.36 40 0,0150' 0.96 0,135
5000^ 36.0 50 19,50 0.90' 100 0,0156 0.96 0,135
10000 36.0 50 •19.50 i;8r 200 0.0161 0.96 0.181
- . . 20000 36.0 ' 50 1^9.50 ^3,.61 400 0,0160 0.96 0.181
40000 36.0 50 19,50 7,22 800 0.0195 0.96 0.181
Leaf Lettuce
2000 48.0 ' 37 2.50 0.05 .54 0.0016 0.86 0.013
5000 48.0 37 2.50 0.12 ' 135 0.0021 • 0.86 0.013
10000 48.0 37 2.50 •0i23' . 270 o;oo22 0.86 0.017
20000 48.0" 37 2J50 -0.47 ^ 540 0.0020 0.86 0.017
40000 48.0 37 2.50 0.94 1081 0,0025 0.86 0.017
Snap Beans .
2000 48.0 28 2.80 0.07 71 0,0018. 0.86 0.015
5000 48.0 28 2.80 0.17 179 0.0024 0.86 0,015
10000 48.0 28 2.80 0.35 357 0.0022 0.86 0,019
20000 48.0 - 28 '2,80 0,69 714 0.0021 0.86 0.019
40000 48.0 28 2,80 1.39 1429 0.0026 0.86.- 0.019
Bell Pepper 1 -•i
2000 48.0 50 12.00 •0.17 40 0.0078 • 0.86 0.063
5000 48i0 50 12.00 0.42' 100 0.-0081 0.86 0.063
10000 48.0 50 12.00 0.83 200 0.0081 '0,86 0.083
20000 48.0 50 12.00 1.67 400 0.0082; 0,86 0.083
40000 48.0 50 12.00 3.33 800 0.0099 0.86 0.083
Muskmelon
2:2^2000 1013 -11.25 •0.17 51 0;0063 1.28 ' 0.050
5000 2.2 1013 11.25 0.'^42 127 0.0065 1.28 0.050
10000 2,2 1013 11.25 0.85 253 0.0065 1.28 0.067
20000 2.2 .1013 11.25 r.69' 506 0.0065 1.28 0.067
40000 - 2,2 - 1013 11.25 - - 3.38--' 1013 0.0079 1.28 -• 0.067
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Table 3,7, (Continued)
Vegetable Water Top- Repair Variable Fixed Total Total
Volume Cost/ Ice/ Cost/ Cost/ Cost/ Cost/ Cost/
(lbs)/day Case Case Case Case Case Case lb.
Broccoli
2000 0,028 0.32 0.088 1.31 0.513 1.827 0.083
5000 0.011 0.32 0.037 1.25 0.213 1.461 0.066
10000 0.006 0.32 0.021 1.23 0.119 1.351 0.061
20000 0,003 0.32 0,012 1.22 0.052 1.272 0.058
40000 0,001 0.32 0.008 i;2i 0.036 1.251 0.057
Sweet Corn
2000 0,057 0.32 0.182 1.62 1.049 2.666 0.059
5000 0,023 0.32 0.077 1.48 0.437 1.914 0.043
10000 0,012 0.32 0.041 1.46 0.243 1.700 0.038
20000 0,006 0.32 0.024 1.43 0.107 1.541 0.034
40000 0,003 0.32 0.015 1.42 0.074 1.498 0.033
Cabbage
2000 0,063 0.200 1.37 0.875 2.249 0.045
5000 0,026 0.085 1.22 0.370 1.592 0.032
10000 0,013 0.046 1.22 0.215 1.431 0.029
20000 0,007 0,027 1.19 0.090 1.280 0.026
40000 0.004 0,017 1.18 0.070 1.251 0.025
Leaf Lettuce
2000 0.046 0.32 0,148 1.39 0.648 2.038 0,055
5000 0.019 0.32 0,063 1.28 0.274 1.554 0,042
10000 0,009 0.32 0,034 1.24 0.159 1.399 0,038
20000 0,005 0.32 0,020 1.22 0.067 1.287 0,035
40000 0,002 0.32 0,013 1.21 0.052 1.262 0.034
Snap Beans
2000 0,035 0.113 1.02 0.490 1.514 0.054
5000 0,014 0.047 0.94 0,207 1.146 0.041
10000 0,007 0,026 0.91 0.120 1.035 0,037
20000 0,004 0.015 0.90 0.050 0.950 0,034
40000 0,002 0,010 0.89 0,039 0,933 0,033
Bell Peppers
0,0412000 0,063 0,200 1.19 0,875 2.068
5000 0,025 0,085 1.04 0.370 1.411 0,028
10000 0.013 0.046 1.01 0.215 1.225 0,025
20000 0,007 0.027 0.98 0.090 1.075 0,021
40000 0,003 0.017 0.97 0.070 1.044 0,021
Muskmelon
2000 0,050 0.158 1.54 0.889 2.433 0,062
5000 0.020 0.067 1.42 0.450 1.874 0.047
10000 0.010 0.036 1.40 0.213 1.613 0.041
20000 0,005 0.021 1.38 0.119 1.498 0.038
40000 0.003 0.013 1.37 0.087 1.458 0.037
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Table 3.7. (Continued) • .
Footnotes;
6" melon weighs 2.2 pounds," Melons are cooling singly and then crated
^See Appendix A,20 for the equations used to calculate 'electricity costs.
Estimates from Anderson Box Company.
^ater estimate from City of Ames.
^Top-ice cost was estimated for an 8" layer of crushed jlce.
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bell peppers or muskmelon could not be -precooled in-S" hours." Half-time"
cooling would speed the process greatly and would' cut -the cost $.20 - $.30
per case. Length of time "to precool may not be a limiting factor since
most growers' would produce a mix of vegetables.- Producers also may choose
to work two shifts;- A time-constraint would not be a. factor with the •
liquid ice machine since it can precool at least 120,000 pounds per day,-
regardless of the vegetable being precooled.
Comparison of Total Costs
The objective of this study was to find feasible alternatives of re
ducing field heat for small to intermediate size operations. By far, the
least costly method of reducing field heat was to simply use a room cool-
• 'I , , . , . -
ing method. For those products that can be room cooled, the total cost
per case was less than $1.00 except for room cooling cabbage which was
just a few cents more. Total cost per case at 2000 pounds cooled daily
I ' I f k ' - j ' j • '
was the least. The major reason for this result was that on a larger
scale aisle space must be included. The cost was greatest at 5000 pounds
cooled per day. As volume increased from 10,000 to 40,000 pounds pre
cooled per day, the cost per case fell steadily.
The hydrocooler yielded the lowest total costs for leaf lettuce,
muskmelon, snap beans and bell peppers, except where topicing was also
' ' • ^ /
needed in the case of broccoli and sweet corn (Figures 3.1 and 3,3). The
fixed cost of the crusher blower makes it more costly to use. However,
for the other produce,'-even at a capacity of 2000 pounds- per day, the
hydrocooler-was cheaper to operatis than, to purchase-crushed "ice and fill
56
the boxes by hand. These results depend directly on the assumption that
the ice must be kept somewhere throughout the day. If the ice truck were
not needed for some reason, it would be less expensive to buy crushed ice
in all cases than to hydrocool produce. It is also conceivable that a
means of storing ice is necessary for a hydrocooling and a top-icing sys
tem. Beyond these criticisms, the total cost at 2000 pounds per day of
broccoli hydrocooled was $1.43 without top-icing ($1.88 with top-icing)
and the total cost of fill icing was $1,76. As volume increased the
hydrocooler was even more inexpensive to use relative to purchasing
crushed ice.
Buying block ice and using a crusher-blower is slightly more expen
sive at 2000 pounds precooled per day. However, it becomes the least
costly of the three methods at 40,000 pounds precooled daily. Even at
40,000 pounds per day, it is not operating at capacity. Therefore, the
total costs per case would decline still further as volume increased past
40,000 pounds per day.
Liquid icing is the most expensive of the 3 methods discussed here.
There was a sharp decline in cost per case between 20,000 and 40,000
pounds per day, indicating that the machine was still operating at less
than capacity. The total cost per case fell from $2.78 to $1.70 as poun
dage increased from 2000 to 40,000 pounds precooled per day.
Average Total Cost
The average total cost per case precooled by each method was
calculated (Table 3.10). This represents an estimate of the cost of
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Table 3.9. Average Total Cost Per Case Precooled
Capacity
(lb/day)
Hydrocool
(7/8)
Hydrocool
(1/2)'
Room
Cooling
Package
'Icing
Crusher/
Blower
Liquid
Ice
2000 ' $ 2.29 $ 2,12 • $ '.78 $2,27 '$2,39 ' " $3.43
5000 1.74 1,57 ,82
• 1 ^ ,
1.83 1.86 ,
i /
2,30
10,000 1.63 i',40 ' ,80' 1.73 ' l',75' 1.99
20,000 1.54 1,28 ,70 . 1.63 1.62
•j
1,76
40,000 1,49 1.04 .78 1.59 1.55 i.67
precooling an equal mix of produce by a particular method. For example, a
total volume of 2000 pound per day of a combination of broccoli, sweet
corn, leaf lettuce, snap beans, muskmelon, bell peppers and cabbage can be
hydrocooled (t=7/8) for approximately $2.29/case. Package icing a
combination of produce weighing 2000 .pounds of equal proportion would be
about the same. Room cooling is the least expensive method. This is due
primarily to the low cost of potato bags and lower labor requirements.
Liquid icing is the most expensive precooling method for small volumes
(i.e. 40,000 pounds or less) of produce (Figure 3.4), Hydrocooling
(t=l/2) is the least expensive of the quicker methods of precooling;
however, hydrocooling (t=l/2) is usually not long enough for most produce
to cool properly, Hydrocooling (t=7/8) is more efficient and is also
cheaper than using package icing.
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SECTION IV
Conclusions and Recommendations
The objective of this study was to determine alternative methods for
reducing field heat. The methods were constrained to be workable on a
small-scale, both economically and technically. This type of study was
performed by Antill, Dorr, Marsh and Morzuch in 1984 for a region in
Massachusetts [9]. They used an economic engineering approach to analyze
3 methods of precooling, including (1) room cooling, (2) icing, and (3)
hydrocDoling,
If Iowa growers want to compete in the commercial market, some form
of precooling is necessary for most produce. In this study, 5 methods of
precooling were analyzed for 11 different vegetables. The 11 vegetables
were grouped according to physiological characteristics. Each group was
examined more closely to determine harvesting practices, precooling
methods, packaging requirements, USDA standards for grading and sizing,
and shipping requirements.
In order to look at economies in size in vegetable production for a
smaller grower, five different levels of vegetable production per day were
examined. The levels were (1) 2,000 pounds per day; (2) 5,000 pounds per
day; (3) 10,000 pounds per day; (4) 20,000 pounds per day and (5) 40,000
pounds per day. A grower is assumed to have enough acres to precool up to
40,000 pounds per day throughout the summer or for up to 20 weeks.
At least five methods of precooling were suitable for the vegetables
under consideration. Data for the following five were available: (1) room
cooling; (2) icing, using crushed ice; (3) icing, using block ice and a
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crusher-blower; (4), hydrocooling ,and .(5); liquid icing.. Precooling
equipment was .analyzed and compared-byj,using an economic engineer,ing
approach,^ Experts in postharvest,,technology and manufacturers of. ^
precooling equipment were consulted throughout .the cours,e ,of this project,
Fixed costs and variable costs were obtained for each, method. . Specific
cost .data were difficult -to obtain because .most manufacturers custom-make
precooling.;equipraent, In order to, acquire complete cost ^information many
more details and specifications were required than what. was.-available to
give them, i, . . , , .
The least costly method .of, precooling 20,00. .to 5000.. pounds of
vegetables per day, given the present.prices of .equipment, labor, ice,
electricity, repair, cartons and water costs depended on the vegetable
cooled.^ Room cooling, was , suitable for cabbage, summer squash,. tomatoes,
potatoes and cucumbers,Crushed ice ,was. most economical for ^broccoli,
sweet corn,, and muskmelons.. Bell ^peppers, snap beans and leaf .lettuce
were precooled by hydrocooling at the least cost. As poundage increased
to 10,000 pounds and above the crusher-b,lower and hydrocopler became more
economical to use .than purchasing crushed.ice. •
These ,are, general results that should be interpreted-as such since
there are many variables to consider as^one begins-to move toward
vegetable production. Each grower's situation is unique due to such
factors as his proximity to, an ,ice company, water availability., the types
of vegetables the soil can grow, labor availability and other, related
factors that may influence decisions in selecting a precooling method.
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Recommendations for Further Research
There are many areas in this study that should be given further
attention. The following are recommendations for further research:
1. An economic feasibility study of Iowa growers cooperatively
precooling and marketing their produce should be undertaken
because a reliable constant quality supply would tremendously
enhance Iowa's potential competitiveness in supplying the fresh
vegetable market in Iowa or the midwest.
2. Acquire cost data on forced-air precooling and determine its
feasibility on a small scale for Iowa growers. Examine the
possibilities of custom-made forced air cooling systems for small
growers.
3. Determine more specifically the building requirements to house
precooling equipment for small-scale growers.
4. Investigate and evaluate the new smaller hydrocoolers under
development.
5. Determine vegetable combinations that would maximize the use of
precooling equipment over the course of a growing season.
6. Determine the economic benefits of optimal precooling time in
terms of sufficient cooling and least cost for hydrocooling
produce.
7. Investigate new financing sources for growers to defray high
start-up costs.
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Glossary -
1.) British Thermal Unit: The British Thermal Unit (BTU) is a
» • ! t • •
measure of heat. One BTU is the amount of heat needed to raise the
temperature of a pound of water by 1®F.
2.) Chilling Injury; "Chilling injury is a disorder induced by low,
but nonfreezing temperatures in susceptible plants or parts of
plants" [15, p. 572].
3.) Curing: The ability for potatoes to heal skinned areas^ shallow
cuts and moderate bruises if an environment suitable for healing is
provided,
4.) Field Heat: "Field heat is the amount of heat contained in a
r 4 i • •
vegetable at harvest. The amount of field heat in a vegetable
depends upon the temperature at harvest and on the specific heat of
the vegetable" [3, p. 4.4].
5.) Half-Cooling Time: "The half-cooling time (t=l/2) is the
interval, in any unit of time, during which the initial temperature
difference between product and coolant (air, water, ice, etc.) is
halved. For example, if cantaloupes are at 33®C (92®F) and water is
at 0®C (32'F), a difference of 33*C (60®F), the time required to cool
the melons by 16.5^0 (30^F) is t=l/2" [15, p. 256-257].
6.) Hydrocooling: The use of cold water to rapidly cool produce; can
be cooled in bulk or bins.
7.) Liquid Ice: Liquid ice is a slurry of finely crushed ice
particles suspended in water so that it may be handled in much the
same manner as a liquid. When injected into packed vegetables, the
ice particles are conveyed by the water into the open spaces
throughout the box [8].
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8.) Precooling: "Precooling is generally thought of as the removal
of the necessary field heat from freshly harvested products in
sufficient time to prevent spoilage and to maintain all possible
preharvest freshness and flavor. The term implies the removal of
this heat before the product is shipped to a distant market,
processed "6r stored. Normally precooling is accomplished as soon as
possible after the product is harvested. Cooling to the required
temperature inhibits growth of decay-producing microorganisms and
restricts enzymatic and respiratory activity during the post harvest
holding period" [2, 27.1].
9.) Refrigeration: "Refrigeration is the process of removing heat
from a substance; thus, the temperature of the substance is lowered
and maintained at a desired level. Heat is a form of energy
possessed by all matter. Cold is merely an expression for a
relatively low level of heat. In a refrigerated storage, produce is
cooled by removing heat from it; not by pumping "cold" into it. Heat
always flows naturally from a warm object to a cooler one. When ice
is placed in water, the water is cooled because the ice absorbs heat
from the water" [4, p.4.4].
10.) Specific Heat: " The ratio of heat required to raise the
temperature of a given weight of any other material (such as fruits
and vegetables) to that required to cause an equivalent rise in the
same weight of water is called its specific heat, Tt is necessary to
know the specific heat of a product to calulate the refrigeration
load. It can be estimated from the following equation:
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Specific Heat = ,008 (percent H2O in food) + 0.20 For example, the
specific heat of apples, with a moisture content of 84 percent can be
estimated to be (.008 x 84) + 0.20 = 0.87" [3, p. 4,4].
11.) Tons of Refrigeration: "The refrigeration load is commonly
referred to in 'tons of refrigeration.' This term is a holdover from
the days when ice was used. The standard ton of refrigeration is the
amount of heat absorbed by a-ton .of, ice melting at 32'F in 24 hours.
It requires 144 BTU to melt one pound of ice at 32®, or 288,000 BTU
to melt one ton of ice at 32° (144 BTU x 2,000). Since a ton of
refrigeration specifies that the ton of ice must be melted in 24
hours, a ton of refrigeration absorbs 288,000 BTU in 24 hours (this
is equivalent to 12,000 BTU per hour)" [4 p. 4.4],
12.) Top Icing: Top-icing is a system of cooling produce where ice is
blown in between rows of crates and over the load in a mechanically
refrigerated car [15, p. 184],
13.) Vacuum Cooling: The principle in vacuum cooling is to reduce the
atmospheric pressure in hermetically sealed chambers until the
reduced vaporizing point of water produced by low pressures in the
cooling chambers cools the product [15],
APPENDIX
A.l
Precooled I'n 50 lb. boxes (35°
<
temperature reduction)
- .
Rate Refrigeration^
' Hydro-.
Cooler Ship fit" Install Total Cost
2,000 lbs/day
(250/hr.) 712 17,000 1,500 $19,212
5,000 lbs/day
(625/hr) 1,782 17,000 1,500 $20,282
10,000 lbs/day
(1250/hr) 3,564 17,000 ' 1,500 $22,064
20,000 lbs/day
(2500/hr) 7,128 17,000 1,500 $25,628
40,000 lbs/day
(5000/hr) 14,255 17,000 1,500 $32,755 •
. ' -
'Precooled in Bulk-(35® temperature reduction)"
Rate Refrigeration
Hydro- .
Cooler
') '
Ship &~In8tall Total"Cost
2,000 lbs/day
(250/hr) 712 22,100 1,500 $24,312
5,000 lbs/day
(625/hr) 1,782 22,100 1,500 $25,382
10,-000 lbs/day
(1250/hr)
1 >
3,564 22,100 1,500 $27,164
20,000 lbs/day
(2500/hr) '• 7,128
j
22,100 ' 1,500 $30,728
40,000 lbs/day
(5000/hr) 14,255 ' 22,100 1,500 $37,855
^RC •= Ibs/hr x Temp. Red;^x. Ht.' Loss x 850 + Base Cost •+ 1,500
RC = Ibs./hr. x Temp. Red, 12,000 x 1.15 x 850 + 17,000 + 15.0,0 -= TC
RC = Refrigeration Cost -,.i
Temp. Red. = Temperature reduction needed' - •
Heat loss from operation - - 15% ; i
Cost/ton of-refrigeration - - $850 ,
Base Cost of Hydrocooler - - $17,000•(Table A), .$22,100 (Table B)
Shipping and Installation - - $1,500
' ' , ,1 ' ' '
Source: Jack Cline, Clarksville, AK
A.2
Hydrocooler (12 ft.) Investment Costs
Precooled in 50 lb. boxes (40** temperature reduction)
Hydro-1
Rate Refrigeration Cooler Ship & Install Total Cost
2,000 lbs/day
(250/hr.) $ 814 $ 17,000 $ 1,500 $19,314
5,000 lbs/day
(625/hr) 2,036 17,000 1,500 $20,536
10,000 lbs/day
(1250/hr) 4,073 17,000 1,500 $22,573
20,000 lbs/day
(2500/hr) 8,146 17,000 1,500 $26,646
40,000 lbs/day
(5000/hr) 16,292 17,000 1,500 $34,792
Precooled in 50 lb. boxes (45® temperature reduction)
Hydro-
Rate Refrigeration Cooler Ship & Install Total Cost
2,000 lbs/day
(250/hr) 916 17,000 1,500 $19,416
5,000 lbs/day
(625/hr) 2,291 17,000 1,500 $20,791
10,000 lbs/day
(1250/hr) 4,582 17,000 1,500 $23,082
20,000 lbs/day
(2500/hr) 9,164 17,000 1,500 $27,664
40,000 lbs/day
(5000/hr) 18,328 17,000 1,500 $36,828
^RC = Ibs/hr x Temp, Red. x Ht, Loss x 850 + Base Cost + 1,500
RC = Ibs./hr. x Temp. Red. t 12,000 x 1.15 x 850 + 17,000 + 1500 = TC
RC - Refrigeration Cost
Temp. Red, = Temperature reduction needed
Heat loss from operation - - 15%
Cost/ton of refrigeration - - $850
Base Cost of Hydrocooler - - $17,000 (Table A), $22,100, (Table B)
Shipping and Installation - - $1,500
Source: Jack Cline, Clarksville, AK
A.3
• I - i ' i
Hydrocooler (12 ft.) Fi3ced Costs"
Capacity
^Hvdrocoolins (precooled in bulk) 2000 lb 5,000 lb. 10,000 lb. 20,000 lb. :'40,000 lb.
Fixed Costs , c
H^rocooler (includes shipping $ 226.21 $ 226.21 $ 226.21 $ 226.21 $ 226.21M
and installation)
Refrigeration (a 35* tatp drop) . ,6.23 12.46 37.38 56.07 , '93,45/ac
Md'l Refrigeration 6.82 17.08 34.16 68.32 163.63M
Taxes and Insurance 29.75 32.35 38.95 47.20 63.75/wk
HvdiocoolinK (precooled in 50 lb. boxes) , ,
Fixed Costs .
Hydi^ooler (inclisdes shipping 177.32 177.32 177.32 177.32 177.32/«k
and installation) .
Refrigeration (a 35' tenp drop) 6.82 17.08 34.16 68,32 ','163.63/0^
Ald'l Refrigeration 6.23 12.46 37.38 56.07 93.45M
Taxes and Insuraice 37.45 40.00 46.60 54.85 71.40M
The cap^ity of this method is 5,000 pounds of vegetables per,tour.,r;If we assume.the hydrocooler can run for a
raaxiniLin of 48 hours per tten the capacity is 240,000 pounds of veget^Ies .per- vieek,,
Source: Jack Cline, Clarksville, AK . - v
A.4
Tons of Refrigeration Required per Quantity of Produce Hydrocooled
2,000 lbs/day
(250/hr.)
5,000 lbs/day
(625/hr.)
10,000 lbs/day
(1250/hr.)
20,000 lbs/day
(2500/hr.)
40,000 lbs/day
(5000/hr.)
R = Ib/hr, X temp, red.-? 12,000 x HL
R - Tons of refrigeration
Temp. Red, = Temperature reduction needed
HL = Heat loss in operation (1 + 15%)
Source: Jack Cline, Clarksville, AK
1 ton
2 tons
4.2 tons
8.4 tons
16.8 tons
A.5
Horsepower Required to Operate Hydrocooler Refrigeration
- ' * (Motor Size) " "
2,000 lbs/day
(250/hr.) 1.3 hp
5,000 lbs/day
(625/hr.) 2.6 hp
10,000 lbs/day
(1250/hr,) 5,46 hp = 5.5 hp
20,000 lbs/day
(2500/hr,) 10.92 hp = 11 hp
40,000 lbs/day
(5000/hr.) 21.84 = 22 hp
Horsepower = Tons of Refrigeration + 30%
Source: Jack Cline, Clarksville, AK
A,6
Current Used for each Refrigeration Capacity (3 phase - 230 volt motor)
2,000 lbs/day
(250/hr.)
5,000 lbs/day
(625/hr.)
10,000 lbs/day
(1250/hr.)
20,000 lbs/day
(2500/hr.)
40,000 lbs/day
(5000/hr.)
Source: Jack Cline, Clarksville, AK
3.6 amps
13.2 amps
22 amps
28 amps
54 amps
A.7
• ' ' I. . ' . . • I ,
Liquid Ice System-Investment Costs- -- -
Base cost- ~ -
2" hand-held nozzle
Shipping installation cost
Total Investment
Taxes & Insurance
-- -$- -27,750.00
650,00-
3,000.00
$ 31,400.00:;
942.00
$ 32,342.00
Liquid ice mixing tank (500 gallon capacity).,
7 1/2 hp hydraulic power unit
Hand-held .nozzle for icing through hies- of packed boxes
Capacity: 350^00 cases/hour
Taxes. & insurance calculated at 3% of investment cost.
Source: Semco Manufacturing Co.
^ r .
Base Cost:
Hoses (15 ft.)
A.8
Snow Ice Crusher-Blower Investment and Operating Costs
Electric Powered (10-HP)
ECB-51
$5395.00
Gasoline Powered (10-HP)
GCB-51
$6715.00
(4 in. flex plastic) 228.75 228.75
Hose Adapters 150.00 150.00
Swivel Nozzels 213.00 213.00
Taxes & Insurance 185.00 225.00
Shipping Costs 200.00 200.00
Total Investment , $6372.75 $7731.75
Operating Costs:
Electricity Cost/hr. $.88/hr.
Fuel cost/hr.
'
$1.18/hr.
Electric Motor:
EC/hr. = (A X V X 1.73/1000 x hrs. x rate)/(hrs./mo.)
EC = Electricity Cost
A = Amps
V = Volts
EC calculated at 25 amps and 230"volts
Electricity rates used:
0 - 100 KWH == $0.1225/KWH
101 - 800 KWH == $0.0764/KWH
Gas Engine:
Fuel cost/hr. - fuel cost x usage
Usage = 1 gal./hr. (personal communications, Ag Engineering Dept., ISU)
Cost = currently $1.18/gal.
Source: Semco Manufacturing Co.
A.9
Room- Cooling -Investment and--Fixed Costs by Quantity
Investment:
2000 lbs/day
5' X 5' = 25 sq. ft
stacked 2 pallets high
cap. 4800 lb.
$650.00^
20,000 lbs,/day
25' X 15' == 375 sq. ft,
18 pallets
cap, 43,200 lb,
$9,750.00
Fixed Costs/week
Cooler Room(s).
Taxes & Insurance
TOTAL
••5000 lbs/day,.. ^
15' X 10' = I'sd sq. ft.
5 pallets
cap. 12,000.,1b.
$3,960.00' "
40,000 .Ib's/day
45' X 15' = 675 sq
,36.pallets ,
cap, 86,400
$17,550.00
ft.
10,000 Ibs'/day
15' X 15' = 225 sq ft
12 pallets
cap, 28,800 ib,
$5,850,00
2000
$6.23
$ ;98
5,000
.$37,38
$--5v85
10,000 20,000 40,000
$56,07
$ 8-.78-
$93.45
$14.63
$168,22
$26.33
$7,21,.. .. $43.23 .$64,85 $,108,08 • $194.55
^Estimated investment cost ^Cincluding refrigeration) = $26/sq., ft.
Pallet Size: 48" x 40" . . , n.
8-50 lb boxes/layer = 400 ibs/layer
6 layers/pallet = 2400 lbs/pallet , ,
These cooler rooms are large enough to hold double capacity since shipping of
produce may not occur 7 days a week. Construction incl^udes aisles at least 6
feet wide.
Includes: cement, insulation, roof, base, refrigeration, walls (steel), doors
Source: Advanced Cooling Manufacturing
A. 10
Additional Refrigeration Investment Cost for Use with Hydrocooler
Additional Refrig.^ (Cooler Rooms)
2000 lb, (5x5 Rm) @ $26/sq ft = $ 650
(4800 lb.)
5000 lb. (5x10 Rm) @ $26/sq ft = $1,300
(9600 lb.)
10,000 lb. (15x10 Rm) @ $26/sq ft = $3,900
(12,000 lb.)
20,000 lb. (15x15 Rm) @$26/sq ft =' $5,850
(28,800 lb.)
40,000 lb. (25x15 Rm) @$26/8q ft = $9,750
(43,200 lb.)
Taxes and Insurance on Additional Refrigeration and the Two Types of Hydrocoolers
[(Hydro & Refrig) + Add'l Refrig] .03 -r 20 6 -r lbs./day = Tax & Ins./lb.
boxes bulk
Capacity: 2000 lb. $ 595/yr $ 749/yr
5000 lb. 647 yr 800
10,000 lb. 779 yr 932
20,000 lb. 944 yr 1097
40,000 lb. 1275 yr 1428
Includes: cement, insulation, roof, base, refrigeration, walls (steel), doors.
Estimated investment cost = $26/sq. ft.
Source: Advanced Cooler Manufacturing
. A. 11
Equations to Calculate Fixed Costs
Total Investment/lb = Total Machine Cost/lb + Total Refrigeration Cost/lb
+ (Taxes & Insurance)/lb
Total Machine Cost/lb = [(Machine Cost ~+ Equipment Cost) x r 20 6 f lb/day
Amoritization Factor = AF = .1917 (14% interest rate, over 10 year life)
Total Refrigeration Cost/lb = [Refrigerator Cost x AF].-f '20i-r 6 t lb/day
Taxes & Insurance/lb = [(Machine Cost + Equipment Cost + Regrigeration Cost).03]
•r 20 6 ib/day
calculated for 6 days/wk over 20 production weeks
A.12
Water Cost - Liquid Ice
Broccoli
Capacity 2,000 5 ,000 10,000 20,000 40.000 .
Ice required (lbs)/day^ 1,181 2,955 5,909 11,818 23,636
Water req/day (gal)^ • 159 238 - 476 952 1,906
Variable cost of water/day^ .96 2.39 4.77 9.54 19.10
Variable cost/case broccoli .01 .01 .01 .01 .01
Variable cost/lb .0005 .0005 .0005 .0005 .0005
Sweet Corn
Capacity 2,000 5,000 10,000 20,000 40,000
Ice required (lbs)/day^ 500 1250 2500 5000 10,000
Water required (gal)/day^ 54 168 336 671 1,342
Variable cost of water/day^ .40 1.01 2.02 4.04 8.08
Variable cost/case sweet corn .009 .009 .009 .009 .009
Variable cost/lb .0002 .0002 .0002 .0002 .0002
Musk Melon and Leaf Lettuce
Capacity 2,000 5,000 10,000 20,000 40,000
Ice required (lbs)/day^ 333 833 1,667 3,333 6,667
Water required (gal)/day^ 45 112 224 447 895
Variable cost of water/day^ .27 .67 1.35 .92 1.84
Variable cost/case musk melon .006 .006 .006 .006 .006
Variable cost/case leaf lettuce .005 .005 .005 .005 .005
Variable cost/lb .0001 .0001 .0001 .0001 .0001
Using a 50% ice, 50% water slurry mix
Density of water at 35®F: 62.40 pounds per cubic foot, 8.3 lb/gallon
Density of ice in blocks: 56 pounds per cubic foot
62.4/56 [ice required (lbs)/day] = water required (lbs.)/day
water required (lbs)/day + 8.3 = water required (gal)/day (.60)
[Water required (gal)/day -t 485 gal] x 2.92 = variable cost of water
cost of water = 2.92/485 gal. Estimate from the city of Ames, lA.
Aa3
BTU's Required to Cool Specific Produce Types Used
in Room Cooling for Each Quantity
• ^ " • . • w-1 ' -
'.•i: •;! ; '. •
I . '
' . - J ^ i 1 ' » r
Capacity Xlb/day) 2,000 . 5,000 s, 10,000 .-20,000- - • 40,000
' ' ' . • — ^ i' '
Tomatoes 39,999 95,000 190,000 380,,000 760,000
Cucumbers '58,200 ''145,500 ' 291,000 SS^j'tfOO' 1,164,000-
Summer "Squash "57,000 """ 1.42,'500 , ' 2'85,000 570,000 1,140,000
Potatoes 16,400 41,000 82,000 164,000 328,000
Cabbage 33,276 • 83,190 166,380 332,760' 665,520
BTU's/day = (lbs cooled/day)*(heat removal/day in F')*(Specific heat of
vegetable)
1 KW = 3413 BTU's = .28 tons of refrigeration . •
A, 14
Capacity (lb/day)
Cabbage
2,000
(50 lbs
5,000
./case)
10,000 20,000 40,000
Number of cases (cs) 40 100 200 400 800
Total case weight^ 100 250 500 1,000 2,000
2
Total pallet weight 40 100 200 400 800
Total cs & pallet weight 140 350 700 1,400 2,800
BTU's to cool
container weight 743 1,859 3,717 7,434 14,868
BTU's to cool cabbage 33,276 83,190 166,380 332,760 665,520
Total BTU's/day 34,019 85,049 170,097 340,194 680,388
BTU's/hour 1,417 3,544 7,087 14,175 . 28,350
KW/hr .415 1.038 2.076 4.15 8.31
KWH 259 648 1296 2592 5183
3
Total electricty cost
of room cooling 3.66 9.16 16.03 27,44 38.07
Cost per case ,092 .092 .08 .068 .048
Cooling Period: 72 hours
Heat Removal/day; 17.7®
Specific Heat of Cooling: .94
Specific Heat of Wood & Paper:
Weight of Box: 2.5 lbs.
'Weight of Pallet: 20 lbs.
.3
Rates obtained from the Rural Electric Cooperative
A.15
Room-Cooling. Electricity Costs
- - • - - -- - - - - - -
.Potatoes
Capacity (lb/day) 2,000 5,000.. .10,000 20^000 .. . . 40,000
Number of .bins 2 - 4 8 17.. 33
Weight of bins^ 160 320 • .. 640 1,360 . • .2,640
BTU*s to co.bl bins 480 - ^ 960 ; .1,920 .,.4,080 7,920
BTU's to cool potatoes 16,400 41,000 82,000 164,000 328,000
Total BTU's/day 16,880 41,960 83, 920
I •
168,080 335,920
BTU's/hour..': . '„703.3. ' . .1,748.3.'. •3497:7 ' • 7000 •• 1-3996.7
KW/hr ' - - .206 • •' -^512 • ^ ' 1.025 ' 2.05 4.10
KWH 129 320 639 1280 2559
2 •
Total electri'cty cost 1 li • - •/w '•
of room cooling 1.82 , 4.52,. , 9.04 15.89 • 27.16
Cost per lb. .0009 . .0009 ' . .0009 .0008 . -.0007
Cooling Period: 72 hours • ,
Heat Removal/day: 10'
Specific Heat of Potatoes: . 82 i ' ' t'"* j 't
Specific Heat of Wood & Paper : .3
Weight of Bin: 80 lbs.
T 1 *
-
lb/bin: 1200 lbs.
r , f '
2
Rates obtained from the Rural Electric Cooperative'
> .,; J ;
A.16
.Room Cooling Electricity Costs
Cucumbers
Capacity (lb/day) 2 ,000 5,000 10,000 20,000 40,000
Number of cases 38 95 190 380 762
Weight of cases^ 95 238 475 950 1,905
2
Weight of pallet 20 40 79 158 317
Total case & pallet weight 115 278 554 1,108 2,222
BTU's to cool
containers & pallet
BTU's to cool cucumbers
Total BTU's/day
1,035
58,200
2,502
145,500
4,986
291,000
59,235 148,002 295,986
9,972
582,000
19,998
1,164,000
591,972 1,183,998
BTU's/hour 2,468 6,167 12,333 24,666 49,333
KW/hr .738 1.807 3.61 7.23 14.45
KWH 451 1127 2255 4510 9020
. . 3
Total electricity cost
of room cooling 2.13 5.31 10.61 17.87 13.11
Cost per case .056 .056 .056 .047 .041
Cooling Period: 24 hours
Heat Removal/day: 3^0''
Specific Heat of Cucumbers: .97
Specific Heat of Wood & Paper: .3
Weight of Case: 2.5 lbs.
height of Pallet: 20 lbs.
Rates obtained from the Rural Electric Cooperative
>: . A.17
Room CoolingvElectricity Costs
.Tomatoes (20 lb./case)
Capacity (lb/day) 2,000 1 5,000 1 10,000 , 20,000 , 40,000
Number of cases 100 ... 250 500 4,000 , 2,000
Total case; weight^ 200 500 1,000 . ,2 ,000 . -4,000
2
Total pallet weight 80 •/ 200 400 , . 800, .1,600
Total case & pallet weight 280 700 1,400 ,, -.2,800 .-,5,600
BTU's to cool
container weight •,/, 1,680 ^ ; 4,200 , • , 8,400 : .16,800 . 33,600
BTU*s to cool tomatoes , .40,000 •.95',000 • , 190,000 3.80;,000 . - • 760,000
Total BTU's/day 41,680 99', 200 0 ,198,400 396 ,.800 - : .793,600
BTUVs/hour . • .1,737 . ^ 4,133 8,267 16,533 , .•.j-33,067
KW/hr .5-3. 1.21 2.4 4.84 9.69
KWH ; 318,,. 756 1511 3023 6046
3
Total electricty cost
, of room cooling ^ 2,21., .: 5.34,
z
10.58 ' 17'. 92 31.26
Cost per. case .022 ' .021 .021 . .018, . .oi(
Cooling Period: 36 hours 1 ,< • I ; , • ,
Heat Reraoval/day; 20° \ t .
Specific Heat of Tomatoes: r. 9.5 i ir • • I - . ' r ^
Specific Heat of Wood & Paper :. .3 -
/ ^ » / * 1 • j '
Weight of Case: 2 lbs. r' 'f .
^Pallet Weight: 20 lbs.
• - ' .
-•
3
Rates obtained from the -Rural :Electric Cooperative i •' 1'
. L
Capacity (lb/day)
Number of cases
Weight of cases^
2
Weight of pallets
Total weight of cases
and pallets
BTU's to cool squash
Total BTU's/day
BTU's/hour
KW/hr
KWH
Total electricty cost
of room cooling
Cost per case
Heat Removal/day: 30'
Specific Heat of Summer Squash: .95
Specific Heat of Wood & Paper: .3
^Weight of Box: 2.5 lbs.
^Weight of Pallet: 20 lbs.
3
Rates obtained from the Rural Electric Cooperative
A.IS
Summer Squash (50 lbs./case)
2,000 5,000 10,000 20,000 , 40,000
40 100 200 400 800
100 250 500 1,000 2,000
40 100 200 400 800
140 350 700 1,400 2,800
1,260 3,150 6,300 12,600 25,200
57,000 142,500 285,000 570,000 1,140,000
58,260 145,650 291,300 582,600 1,165,200
2,426 6,069 12,138 24,275 48,550
.711 1.78 3.56 7.11 14.23
. 444 1110 2219 4438 8876
2.09 5.23 10.47 17.65 30.70
.052 .052 -.052 .044 .03f
hours
. ^ A
A.19
"Containers—Size Weight- arid- Cost
Vegetable Container Size Lb ./Container Cost/Cont<
Broccoli 1 1/9 bu. 21.00 . .86-
Snap Beans . , . 1 1/9 bu. ,
* * V' . # yC
- 28.00 .86 „
Cabbage 1 1/9 bu. 50.00 .•96'-.:
Sweet Corn . . 5 doz. crt. 47.50 .97
Cucumber 1/2 bu. 26.25 . ^.60-
, , 11/9 bu. 52.50 ..86
Leaf Lettuce 1 1/9 bu.' 37.00 .86
Muskmelon 1/2 crt., 39.50 1.28
Green Peppers 1 1/9 bu. 50.00 .86 i
Potatoes bag 50.00 .38
Summer Squash 1 1/9 bu. 50.00 .86
Winter Squash 1 1/9 bu". ' 50:00 • ' •' .86
Tomatoes 1/2.bu. 20.00 .60
2,000 lbs/day
(250/hr.)
5,000 lbs/day
(625/hr.)
10,000 lbs/day
(1250/hr.)
20,000 lbs/day
(2500/hr.)
40,000 lbs/day
(5000/hr.)
A.20
Electricity Requirements for Refrigeration
230 X 3.6 X 1.73/1000 x (hrs.) = 1-.432 Kw/hr
230 X 15.2 x 1.73/1000 = 6.048 Kw/hr
230 X 22.0 X 1.73/1000 = 8.754 Kw/hr
230 X 28.0 X 1.73/1000 = 11.141 Kw/hr
230 X 54.0 X 1.73/100 = 21.487 Kw/hr
Kw/hr - Volts X amps x 1.73/1000 = Kw/H
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A.22
Cost Comparison of Precooling Methods (Cost/Case)
Volume (lbs./day)
2,000
5,000
10,000
20,000
40,000
Volume (lbs./day)
2,000
5,000
10,000
20,000
40,000
Hydro (t=7/8)
$2,69
2.04
2.01
1.86
1.85
Muskmelon
Hydro (t=7/8)
$2.60
2.04
1,83
1.71
1.68
Bell Pepper
Hydro (t=7/8)
$2.27
1.62
1.50
1.34
1.32
Hydro (t=l/2)
$2.43*
1.87*
1.61*
1.50*
1.46*
Hydro (t=l/2)
$2,09*
1.41*
,1.23*
1.08*
1.04*
Cabbage
Hydro (t=l/2)
$2.25
1.59
1.43
1.29
1.25
Rm. Cooling
$1.01*
1.06*
1.04*
1,03*
1,02*
Snap Beans
Hydro (t=7/8) Hydro (t=l/2)
$1.56
1.19
1,10
1.01
1,00
$1,51*
1,15*
1.04*
.95*
,93*
Liquid Ice
$3.75
2.51
2.16
1.92
1.82
-«
